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PREFACE 



The following notes are the results of efforts to secure 
for the mechanic and the student of the trades a concise 
and clear arrangement of those simpler branches of applied 
mechanics, and the mathematics directly related to them, 
that pertain to actual shop conditions. 

The notes are based upon teaching experience among 
these tradesmen and upon shop practice covering a period 
of nine years. All notes have been in use in evening 
schools and in technical and trade schools, and have been 
thoroughly tried out with a very gratifying success. 

Every effort has been made to convey a correct under- 
standing to the student, and in all cases rules and formulas 
are illustrated by practical examples, the solutions of which 
are worked out in detail. 

By this means it is believed that the mystifying element 
that usually surrounds shop mechanics has been eliminated, 
and notes have been formulated that are usable at all times 
and are really of value to the ambitious student and 
tradesman. James F. Johnson. 

Brtogepobt, Conn., 
February, 1915. 
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CHAPTER I 
MATERIALS 

1. Iron. Iron is reduced from its ore in a blast furnace 
into a product called pig iron. This product contains a 
chemical element, carbon, which is mixed with the iron, 
giving it a grayish appearance, the result being gray iron; 
or it may be in combination with the iron, giving it a whitish 
appearance when broken, the result being white iron. 

The gray iron is used in foundry practice and gives good 
castings. White iron is brittle and hard, and is used for 
making wrought iron and steel. 

Castings are made by melting pig iron and scrap in a 
cupola and pouring the resulting molten iron into sand or 
loam moulds which in turn were built up from patterns 
of the piece to be moulded. 

Should the iron in the mould cool quickly, there will 
be a tendency to chill the casting, making it very hard and 
similar to white iron. This making of chilled castings is 
sometimes accomplished by chilling the moulds with cir- 
culating water. In such a case, part of the mould to be 



2 SHOP MECHANICS AND MATHEMATICS 

chilled is of iron instead of sand. Car wheels and cast 
iron press rolls are types of chilled castings. 

2. Properties of Cast Iron. Cast iron is not very 
ductile, but is strong under compression and weak under 
tension. It is quite brittle, ^ind when broken, the surface 
appears to be crystalline, resembling grains of sand closely 
pressed together. 

The average ultimate strength of cast iron is referred 
to as about 15,000 lbs. per square inch when in tension, 
and 80,000 lbs. per square inch when in compression. 
One-sixth of these figures should be considered the average 
working strength when the load on the cast iron parts is 
steady. If the parts are subjected to suddenly varying loads 
or shocks, as in machinery, one-twentieth should be used. 

3. Wrought Iron. Wrought iron is iron that has been 
made as nearly pure as possible, being so worked in process 
of making as to become fibrous in structure instead of crys- 
talline. It is made from pig iron by a preliminary process 
which tends to refine it by removing much of its impuri- 
ties. After this it is put into a puddling furnace and further 
worked, this time into a pasty mass, in which condition it 
leaves the puddling furnace to be further squeezed and 
hammered, ridding it of slag and making it into a more 
compact mass. 

After this process it is made up into what are called 
puddle bars or billets. 

The iron may be further improved in quality by reheat- 
ing and hammering as before, each process tending to 
improve it. After its final process it is rolled into plates 
and bars ready for the market. 

4. Properties of Wrought Iron. Wrought iron is duc- 
tile and fibrous. It can easily be worked into various 
shapes, possesses malleability, and can be welded. 
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Wrought iron, while showing an ultimate tensile strength 
of 48,000 lbs. per square inch, has a compressive strength of 
about 45,000 lbs. per square inch. Where the load on the 
wrought iron is steady, about one-quarter of these figures 
is used for the working load, while about one-twelfth is 
used where the load varies suddenly or the piece is subjected 
to shocks. 

5. Steel. Steel is iron made as pure as possible with 
the addition of a small amount of carbon. In the Bessemer 
and " open hearth " processes the carbon is partly burned 
out of pig iron; in the crucible process carbon is added to 
wrought iron. The amount of carbon in the steel divides 
it into classes known as mild steel, hard steel, low carbon 
steel, high carbon steel, etc. 

Mild steel resembles wrought iron and contains a small 
amount of carbon. It is used frequently in machine work, 
and is referred to as low carbon steel. 

Hard steel is a fine quality of high carbon steel made by 
baking wrought iron for several days in contact with char- 
coal. It is the kind of steel used in high speed steel tools. 
The carbon in tlie charcoal enters the iron during the 
process of manufacture and the resulting steel is known as 
blister steel. 

By stopping the process at different stages, a steel suited 
for different manufacturing purposes may be obtained. 
This steel is used for arbors, tools, steel saws, springs, 
wrenches and cutlery. 

Ca^t steely called crucible steel, was formerly obtained 
from the blister steel by melting it in crucibles. It is 
made more recently by remelting in an air-tight crucible 
pieces of wrought iron and other materials containing the 
proper amount of carbon. 

6. The Hardening and Tempering of Steel. Steel may 
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be hardened by dipping it while hot into water so as to cool 
it suddenly. This makes it hard and brittle. By reheat- 
ing it looses its brittleness and some of its hardness, and 
is said to be tempered. The temperature at which steel 
acquires a temper best suited for its different purposes is 
found in practice by the color which comes to the surface 
upon reheating. 

The following tempering color chart with temperatures 
may give a clearer idea of the great importance of the 
tempering and care needed in treating steel: 



Tools. 



Lathe tools ... 
Cut-ofif tools . . 
Counterbores . . 
Milling cutters 

Reamers 

Planer tools. . . 
Forming tools. 



Twist drills 

Centering tools. 
Fly cutters . . . . 
Countersinks.. . 



Chisels 
Knurls . 
Taps. . . 



Thread dies. 
Saws 



Color. 



Light straw 

or 
Pale yellow 



Straw yellow 



Brownish yellow 



Spotted red brown 
Dark blue 



Average Temperature. 



400 *»F. 

to 
430** F. 



460** F. 



490^ F. 



490° F. 
500° F. 



To temper by color requires considerable experience and 
is at best doubtful. It is a more advisable method to draw 
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the temper in an oil bath heated to the desired tempera- 
ture. 

7. Malleable Iron. Malleable castings^ sometimes called 
malleable iron, are made from ordinary cast-iron castings 
by heating them for several days in annealing pots in con- 
tact with some substance that will remove the carbon 
in the iron. This process makes the cast iron more like 
steel 

8. Case Hardening. The process by which a surface 
of high carbon steel is given to low carbon iron is called 
case hardening. The process is accomplished by heating 
the article in contact with some substance such as char- 
coal, granulated bone, or cyanide of potassium, which will 
give the carbon to the iron. 

A common method of case hardening is to pack the pieces 
in iron boxes and cover them with granulated bone, the 
pieces to be carbonized being separated so that the bone 
can get well around them. After sealing the cover of the 
box in crucible clay it is heated in a furnace to about 1600° 
F. The longer the box remains in the furnace the deeper 
will be the carbonized surface. The grade of hardening 
may be conditioned by reheating and quenching, using 
either water or oil. 

9. Copper. This metal is produced by reduction from 
its ores. It is used in sheets, bars and wires, is strong and 
malleable and very ductile. Copper may also be forged 
at a moderate red heat, and each time has its strength 
improved by such process. 

It is a good conductor of electricity and heat; and 
resists corrosion by water or air. 

10. Tin. Tin is obtained from its ore, tin stone. Its 
strength and ductiUty are low, but it is very malleable, 
being easily rolled or hanmiered into sheets, which is known 
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as tin foil. It becomes very brittle when heated near its 
melting point. Tin is much used for coating other metals 
to protect them from rust and wearing out. Thin iron 
plates treated this way give the commercial tin plate so 
commonly referred to as tin. 

11. Phosphorus Bronze. This material is an alloy con- 
sisting chiefly of copper with some tin and phosphorous. 
It may be obtained in rods, sheets, wires, or castings. It will 
not corrode, and because of the low frictional resistance 
offered is well fitted for bearings in high speed machinery. 

12. Babbitt Metal. Babbitt metal consists of tin in 
composition with a very small amount of copper and 
antimony. It can easily be melted and is used frequently 
for lining bearings. 

13. Zinc. This metal is obtained from zinc ore. It 
is brittle at ordinary temperatures, but is malleable and can 
be rolled into sheets at medium temperatures. Its prin- 
cipal use is for coating iron plates to protect them from 
rust and corrosion. Thin iron plates treated in this manner 
are known as galvanized iron. 

14. Aluminum. Aluminum resembles zinc in color and 
hardness. It weighs less than one-tenth of a pound per 
cubic inch but shows an ultimate tensile strength of 15,000 
lbs. per square inch, which is about one-third that of wrought 
iron. The metal may be rolled into sheets and can be 
drawn, forged or cast. 

16. Lead. The metal is obtained from lead ore. It 
is soft and very heavy, is low in tensile strength and makes 
poor castings. It is easily made into sheets or pipes. 
Lead pipes are sometimes lined with tin to protect them. 

16. Concrete. Concrete is made of a mixture of cement, 
sand and crushed stone arranged in such proportions as 
from experience and tests have been proven to be best 
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suited to different cases. For example, a mixture made 
up of one portion of cement, two of sand and three of 
crushed stone gives a suitable concrete for highway work, 
walks, roofs and fence posts. A mixture of the proportions 
1, 2, and 4 would be more suitable for reinforced floors, 
beams and columns, or construction subjected to vibra- 
tions, while a mixture of the proportions 1, 3 and 5 would 
be proper for concrete footings, basement walls and founda- 
tions. These mixtures are sometimes reinforced by iron 
lattice work, iron bars or rods, and upon drying become 
thoroughly cemented into one mass, which hardens as it 
ages and is not affected by water. The compressive strength 
of concrete varies from 1000 to 2000 lbs. per square inch, 
according to its age. 

Concrete is usually surfaced with a mortar made of sand 
and cement in proportions from 1 to li up to 1 to 3, 
depending on what the surfacing is to be used for and upon 
what base it is to be put. 

Of late concrete has become an important factor in 
building. Its high compressive strength and durability, 
together with its moderate cost, ease of construction and 
fire-proofing qualities, have brought it into wide use. The 
readiness with which it can be adapted to different con- 
structions through use of forms has brought it into the 
decorative field and broadened its use in construction work. 
These forms are usually made of wood, but sometimes of 
metal, and after the concrete which has been poured into 
them is thoroughly set, they can be removed, leaving 
the concrete mass moulded according to the form used. 

17. Timber. Lumber is still the universal building 
material. Its extensive use in all branches of building 
and construction work, and the readiness with which it 
can be handled and worked, still bring it into active use 
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regardless of its many substitutes. Even in larger con- 
struction work there are many cases where iron or concrete 
are unsuitable and where wood is the only material which 
can be used. 

The strength of timber is quite variable and is effected 
considerably by defective growth and seasoning. Knots, 
sapwood, season-cracks and decay are sources as well as 
signs of weakness. Because of this, timber used in con- 
struction should be as free as possible from such defects. 

The working strength of spruce ranges from 800 to 1200 
lbs. per square inch. Yellow pine varies between 1000 
and 1200 lbs. per square inch, it being strongest in com- 
pression, while white pine ranges from 700 to 1300 lbs. 
per square inch. Among the other woods, oak shows a 
working strength of 1100 lbs. per square inch, hemlock 
800, and chestnut 1000 lbs. per square inch. 

Aside from its medium strength as a building material, 
timber is further weakened by the practice of notching 
and cutting as employed in framing. This method of fram- 
ing materially affects the strength of the timber and experi- 
ments have shown a reduction of as much as 50 per cent 
in the bearing power of timber so notched. 



CHAPTER II 

MEASURES AND WEIGHTS. MEASURING 

INSTRUMENTS 

18. Linear Measure. 

12 inches (abbreviated in. or ") = 1 foot (abbreviated ft. 

or'). 

3 ft. == 1 yard (abbreviated yd.). 

5280 ft. or 1760 yds. = 1 mile (abbreviated mi.) = 880 
fathoms. 

19. Comparison of English and Metric Standards. 
1 kilometer or 1000 meters = about f of a mile. 

1 meter = 39.37 inches, or about 3j feet. 
1 decimeter = iV part of a meter = 3.937 inches. 
1 centimeter = T^i7 part of a meter = 0.3937 inches. 
1 millimeter = ttjVtt part of a meter = 0.03937 inches. 
1 mile = 1.61 kilometers = 1610 meters. 
1 yard = 0.914 meter = 91.4 centimeters. 
1 foot = 0.305 meter = 30.5 centimeters. 
1 inch = 0.0254 meter = 2.54 centimeters = 25.4 milli- 
meters. 



^ 


.015625 


A 


.218750 


H 


.421875 


'A 


.625000 


M 


.828125 


A 


.031250 


« 


.234375 


A 


.437500 


a 


.640625 


n 


.843750 


A 


.046875 


H 


.250000 


H 


.453125 


a 


.656250 


H 


.859375 


A 


.062500 


« 


.265625 


a 


.468750 


a 


.671875 


Vs 


.875000 


A 


.078125 


A 


.281250 


a 


.484375 


a 


.687500 


a 


.890625 


A 


.093750 


a 


.296875 


H 


.500000 


a 


.703125 


n 


.906250 


A 


. 109375 


A 


.312500 
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. 140625 
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fi 
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. 562500 


n 
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ti 
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. 796875 
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a 
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a 
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a 
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PROBLEMS 

1. How many bolts 5 J" long (over all) can be cut from a bar 
6 ft. long, allowing J" for cutting off and finishing up each end 
of each bolt? 

2. It is required to make 10 W. I. angle braces by bending 
up strip metal, one side of brace measuring IJ", the other side at 
right angle to it measuring 2". How long a strip is needed, allow- 
iJig i" for saw cut and finishing on each piece? 

3. A machinist finds that he has 6 pieces of J" round stock, 
measuring respectively 3 ft. 7", 4 ft. 9", 2 ft. 5", 7 ft. 4", 
5 ft. 9", 3 ft. 4". How many feet are there in all? 

4. It is desired to cut a 10-ft. piece of stock into 3 equal 
lengths, allowing \" for saw cut. How long will each piece be? 

5. On a straight line extending between two center lines 9 
apart and at right angles to them, there must be 6 holes equally 
spaced. How far apart must their centers be? 

6. A sheet of steel 3 ft. 6" wide is to be sheared into 4 equal 
strips. How wide will each one be? 

7. Four pieces of stock 9J" long are cut from a piece 4 ft. 
long. If for each cut there is f" waste, how much is left after 
cutting the 4 pieces? 

8. A J" counterbore measures .762". How much over-size 
is it? What is the nearest fractional part of an inch? 

9. A drawing calls for stock to be turned to iJ" diameter. 
If it measures .526", is it over or under size, and how much? 

21. The Micrometer. The micrometier, Fig. 1, is an 
instrument used for measuring parts of inches to a greater 
degree of accuracy than can be measured with the ordinary 
scale. 

It consists of a screw (1) having 40 threads per inch 
which is turned by a barrel (2) which moves over a scale 
(3) divided to -^ inch, each of these being in turn divided 
into four equal parts, making each small division on the scale 
(3) equal to -^ inch. The inside end of the barrel, which 
is bevelled, is divided into 25 equal parts. The piece to 
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be measured is placed between the anvil (4) and the end 
of the screw (5) and the measurement read from the scale. 

There being 40 threads per inch on the screw, the 
end (5) will move :^ inch or tMtt of an inch for each com- 
plete turn of barrel (2) or over one division on the scale. 
Since the barrel is divided into 25 equal parts, it is an easy 
matter to find -^ oi a, revolution, which is -i^ of -^ of an 
inch, or tt^t^t of an inch. 

That is, by means of the bevelled edge divided into 





Bevelled edge of barrel 



Fig. 1. — The Micrometer. 

25 equal parts, it is an easy matter to measure directly 

to .001". 

22. Reading a Micrometer. A reading showing 3 di- 
visions on the screw and division 17 of the bevel lying 
on the axial line would read as follows: 



3 divisions = 



25 
1000 



X3or 



75 
1000 



Seventeen divisions on the bevel indicates that the 
barrel has been moved ihiif beyond the last division on 
the screw. Therefore, the reading would equal .075" +.017" 
or .092". 
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PROBLEMS ON THE MICROMETER 

1. A spindle is ground to 1.2765". What is the setting on the 
micrometer? 

2. An internal gage measures .751". What is the setting 
on the micrometer? 

3. A micrometer setting shows 7 divisions on the screw and 9 
on the barrel. What is the measurement in inches? 

4. Three micrometer settings on a plug gage show each 19 
divisions on the screw and 24, 23 and 23J divisions on the 
barrel. What is the average measurement? 

23. The Vernier Caliper. A vernier caliper, Fig. 2, is 
a form of a beam caliper so constructed that by means of 
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Fig. 2. — The Vernier Caliper. 



a sliding scale or vernier (1) measurements can be read 
directly to the thousandth part of an inch. 

The vernier that is used in shop work has the scale on 
the beam (2) divided into inches, each of which is divided 
into tenths and each tenth subdivided into four equal 
parts. This makes each small division equal to -^j^ or 
.025 of an inch. The sliding scale (1) is as long as 24 of 
these small divisions and equal 24 X. 025 or .600", but is 
divided up into 25 equal parts. This would make each 
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small division on the slide -z^ of .600" or .024" which is 
.001" less than the division on the beam. 

By referring to Fig. 3, which represents an enlarged 
portion of the slide and beam, it is seen that the 25 divi- 
sions on the slide exactly coincide with the 24 on the beam; 
also from the foregoing the difference between the first 
division on the slideT and the first division on the beam is 
.001", and the difference between the second division 
on the slide and the second division on the beam is .002", 
and between the third it is .003", and so on. 

By moving the slide until its first division lines up exactly 
with the first division on the beam, the opening between the 



Beam 



16 20 24 



Millllilllll 

5 10 15 20 26J 



Slide 

Fig. 3. — ^Vernier Slide Enlarged. 



jaws has measured .001"; if moved until the second division 
on the slide coincides with the second on the beam the open- 
ing measures .002". If moved still further until the 23d 
division on the slide corresponds with a division on the 
beapi, the slide has moved through .023". 

To read a vernier, note the opening of the jaws up to the 
" " mark on the slide. To this reading add the number 
of the slide division which coincides with a division line on 
the beam. 

Example, In using a vernier caliper on a jig, the jaws 
are opened until the reading to the ** *' mark on the 
slide measures 1", 3 tenths and 3 of the smallest divisions. 
This equals 1.375". Upon examination it is seen that the 
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'* " division does not coincide with a line on the beam 
but extends beyond until the eleventh division of the slide 
coincides with a beam division. This means that the '' " 
division on the slide which marks the correct reading 
extends .011" beyond that reading already given, making 
the corrected measurement read 1.386". 

PROBLEMS ON THE VERNIER CALIPER 

1. A reading on the vernier shows 2", 6 tenths, 1 small divi- 
sion, while the 19th division on the slide* lines up with a beam 
division. What is the correct reading? 

2. What would be the correct setting for a vernier caliper 
to read 1.729"? 

3. In checking up a jig the readings on the vernier show 1", 
and the 7th division on the scale coincides with a beam division. 
Other readings on other parts of same jig show 2", 4 small divi- 
sions, while the " " mark of the slide coincides with the beam; 
also a reading of 1", 7 tenths and the 15th division on the slide 
coinciding with the division on the beam. What are these read- 
ings, expressed in inches? 

4. To read 2.007", what would be the correct setting of a ver- 
nier caliper? 

24. Sqtiare Measure. 

144 sq.ins. = 1 sq.ft.; 
9 sq.ft. = 1 sq.yd. ; 
4840 sq.yds. = 1 acre; 
640 acres = 1 sq. mile. 

An acre is equivalent to a square which measures 69| 
yds. on the side. 

25. Comparison with Metric System. 

1 sq. meter =10.76 sq.ft. or 1.19 sq.yds.; 
1 sq.ft. = 0.093 sq. meter; 
1 sq.yd. = 0.836 sq. meter. 
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26. Methods of Calculating Areas Common to Shop Use. 



Square. Area of square = aX&. 

Application op Formula. What is 
the area of a square bar measuring 4" 
on a aide? 
. Solution. 4X4 = 16 sq.ins. 



Fi<j.4. 



Rectangle. Area of rect- 
angle =aX6. 

Application of Formula. 
A strip of steel measures 1J"X 
3" in cross-section. What is the 
area? 



Circle. Circumference of circle = 
3.1416 X diameter (d). 

Area of circle=d!XdX.7854. 

Application of Formula. What is 
the area in square inches of a shaft 3y 
in diameter? 



9.6211 sq.ins. 
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Ellipse. Area of ellipse=aX6X.7854. 
Circumference of ellip3e=square root of /'g!+j!\ X3.1416. 

Appucation op For- 
mula. A pulley arm ellip- 
tical in section measures 
5" across abort axis and 
2" across long axis. 

' I What is the area of the- 

f* ; section? 

Fio 7 Solution, f" X 2" X 

.7854 = 1.1781 sq.ins. 
Triangle. A triangle is a plane figure with three sides. 
Area of triangle = i 
base X altitude. 

Application of For- 
mula. A " V " slot in a 
pl^er block measures f " 
deep and IJ" across the 
V. What is the area of 
the V cut? 



Solution. 



4^2^2"T6 



Parallel<^am. A parallelogram has opposite sides equal 
and parallel. 

Area of parallelo- 
gram =aX 6. 

Application op 
FoBMULA. A steel bar, 
diamond shape in sec- 
tion with parallel sides, 
measures 1.732" thick 
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Fig. 10. 



and is 2" on the side. What is the area through the 
bar? 

Solution. 1 .732 X 2 = 3.464 sq.ins. 

Trapezoid. A trapezoid is a plane figure which has 
only two opposite sides , , 

parallel but unequal in 
length. 

Area of trapezoid = 
|(6+c)Xa. 

Application of For- 
mula. A slot is cut in a 
casting to receive a slide 
block. The cut is f " deep 
and measures 3" across the top and 2" across the bottom. 
What is the area through the cut? 

Solution, (3+2) -i- 2 X f = 1| sq.ins. 

27. Shapes Used in Construction. In an angle shape 

the legs may be equal or unequal, 

^ J !^_ also thicknesses of the legs may 

be equal or unequal. 

Angle Section. Area of angle 
section =(aXt) + (bX ti) . 

Application of Formula. 
An angle section milled from a 
piece of steel measures i" thick; 
on the back of the angle the 
measurements are 2" and 3". 
What is the area of the section? 
Solution. (2 X I) + (2 J X ^) = 2 J sq.ins. area. 
In this section the flanges may be equal or unequal, 
also the thicknesses may be equal or unequal. 




Fig. 11. 
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I-Section. Areaof I-section= (aXO 

+ ibXli)+{cXt2). 

Application op Formula. A spec- 
ial I-section has flanges |" thick and 
4" long. The web measure |"X6". 
What is the area of the section? 

SoluHon. (|"X4")+(5"X4") + (|" 
X6") = lOj sq.ins. area, 

Channel. In a channel section the 
web or flanges may be equal or 
unequal, also thicknesses may be 




Fio. 12. 



equal or unequal. 

Area of channel section = {aX() 
+{bXt,)+icXt2). 

Application of Fobmula. In 
a channel iron the web and flanges 
are f " thick. Each flange extends 4" 
out from the web, the web measuring 
9" on the outside. What is the area 
of a cross-section of the iron? 

SoluHon. (9 X f ') -|- (4 X f ")' + (4 
X|") = 12f sq.ins. area. 




Fig. 13. 

The upright and flanges of this 
section may be equal or unequal 
and the thicknesses may be equal 
or unequal. 

T-Section. Area of T-section = 
(aX() + (6X(i). 

Application of Formula. A 
T-shaped section has one flange 8" 
long and |" thick, the other flange 
measuring J"X4". What is the 
area of the T? 
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Fig. 15. 



Solution. (8 X I) + (i X 4) = 8 sq.ins. area of section. 
Cross. The arms in a cross-shaped section may be 
equal or unequal; the thicknesses are generally equal. 

Area of cross-section = (a XO 
+ (bXt) + {cXt). 

Appucation of Formula. 
A column having a cross-shape 
section has two opposite arms 
of the cross 4J'' long, the other 
two arms 4". The arms are 
I" thick. What is the area of 
section? 

Solution. (JX4J)+(jX4|) + (iX8i) =8f sq.ins. area. 

28. Rtiles in Computing Areas. To change area in 
square feet to square inches, multiply the area in square 
feet by 144. 

To reduce area in square inches to area in square feet, 
divide area in square inches by 144. 

To find the area of an irregular figure whose area cannot 
be calculated by the above rules, divide it up into sections 
whose areas can be calculated and add these areas together. 

29. Board Measure. Lumber is bought and sold by 
the board foot at a certain cost per thousand, meaning thou- 
sand board feet and usually designated by the capital 
letter '^ M ". It is sold '^ rough " or " dressed," accord- 
ing to whether the surfaces are planed or left rough as it 
comes from the saw. As a rule it is well to allow i" for 
" dressing " (planing) the lumber to size. Also, in order- 
ing lumber it is advisable to know what standard lengths 
are carried by dealers in your locality, for if cut to special 
lengths more time will be required for delivery, the mate- 
rial costs more, and there usually will be considerable waste. 
Common standard lengths are 10 ft., 12 ft., 14 ft., etc., 
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increasing in length by two feet, while the thicknesses are 
sawed to f ", 1", li", IJ", 2", 2^", 3", and so on. 

To find the number of board feet in a piece of lumber , 
multiply the length in feet by the width in feet when the lumber 
is i" or less in thickness. If it is over 1'^ thick, the board 
feet are found by multiplying the length in feet by the width 
in feet by the thickness in inches. 

Example. What is the cost of 40 pine boards 10 ft. 
long by 6" wide, by J" thick, and 22 pine boards 8 ft. long, 
8" wide and l\" thick, at $60.00 per thousand? 



Solution. 
10X6 



= 5 board-feet in each of the 10-ft. boards; 



12 
40X5 = 200 board-feet in 40 boards; 

^o^o ~^ board-feet in each 8-ft. board; 

22X8 = 176 board-feet in 22 boards; 
200+176 = 376 total board-feet; 
376 X $0.06 = $22.56 = cost of lumber. 

PROBLEMS INVOLVING BOARD MEASURE 

1. A storage bin calls for 10 strips of 2"X4", 6 ft. long; 21 
boards 1J"X6"X12 ft. At the rate of $25.00 per thousand, 
what will this material cost, and what would be the most advis- 
able length in which to order it? 

2. An order of 30 saw horses to be used for drafting-room 
purposes calls for 16 ft. of pine J"X4", and 4 ft. of pine li"X3" 
per saw horse. How much material is required for the job? What 
is its cost at $62.00 per thousand? 

3. To build an office filing case requires 6 oak boards f"X 
8"X4 ft., 4 oak boards |"X6"X3 ft., and 16 ft. of i" whitewood 
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8" wide. These given dimensions are finished sizes. If ,oak 
sells for $85.00 per thousand and whitewood $56.00 per thousand, 
what is the cost of this material? 

4. At $7.50 per hundred what is the cost of the lumber used 
in building 4 hurdles as per drawing, Fig. 16? 

5. How many board feet of 1" hemlock 12" wide are needed 
in building a 6-ft. sidewalk 48 ft. long? 

These boards are to be nailed crossways to 4 stringers of 



■«ft.- 
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FiQ. 16. 

2X4 running the full length of the walk and no allowance is to 
be made for cracks between the boards. In what lengths should 
this material be ordered? At $53.00 per thousand what is the 
total cost of material used in building the sidewalk? 



REVIEW PROBLEMS 

1. A hollow square brass tube measures IJ" outside and f" 
inside. Find area of cross-section. 

2. What is the cross-section area of a hollow tile, the outside 
measuring 17"X8J", the openmg 14i"X6"? 

3. A grinder pedestal through smallest section measures 
10"X6", the core at the same place is 8J"X4". What is the area 
through this section? 

4. Find the area through a horizontal section of a lathe bed 
that measures 54"X10", the metal is f" thick? 
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5. A brass disk 7§" in diameter has four f " holes and one 
1}" hole drilled in it. Find the area of the disc after the drilling 
operation. 

6. A tank to be lined with a sheet of copper A" thick shows 
inside measurements of tank to be 13" in diameter by 22" high. 
Give the size of piece necessary. 

7. A 16" disk of J" W. I. has drilled in it six 2" holes to lighten 
the weight. How much is the reduction in surface? How much 
m weight? 

8. 36 strips of J" brass li"X7" are needed on a certain job. 
How many square feet will be necessary? 

9. An order of lumber shows 10 basswood boards 12 ft.X8"X 
I", 9 basswood boards 10 ft.X6"Xi", 14 oak boards 10 ft.XS" 
X{", and 12 pieces 2"X4" pine 9 ft. long. How many board 
feet are there in all? 

10. Pine used in pattern-making cost $65.00 per 1000 ft. 
In building a certain pattern and core box, 45 ft. are used. How 
much does this material cost? 

11. Lumber selling for $60.00 per thousand is used in build- 
ing shelves in a store room. Six boards 8 ft. X 9" XI", 4 boards 
6 ft. X 8" XI", and 20 boards 6 ft.X6"Xi" are used in the con- 
struction. What is the cost of the lumber? 

30. Cubic Measure. 

1728 cu.in. = 1 cu.ft. 
27 cu.ft. = 1 cu.yd. 

31. Comparison with Metric System. 

1 cu.ft. =0.0283 cu. meter; 
1 cu. meter = 35.31 cu.ft.; 

1 liter = 0.264 gallon = 1.057 quarts = 61.02 eu.ins; 
1 gallon = 3.785 liters. 

32. General Rules. The voliune of tanks holding 
fluids such as water, oil, etc., is generally given in gallons 
or cubic feet. 
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The capacity in gallons is found by dividing the volume 
in cubic inches by 231, as there are 231 cubic inches in a 
gallon, or by multiplying the number of cubic feet by 
7.48, as each cubic foot contains 7.48 gallons. 

The volume in cubic feet is obtained from the volume 
in cubic inches by dividing the volume in cubic inches by 
1728, or in case the volume is given in gallons, by dividing 
the number of gallons by 7.48. 

To find the weight of water in a tank multiply the num- 
ber of cubic feet by 62.5, there being 62.5 lbs. in 1 cu.ft. 
of water. If the volume of the tank is given in gallons, 
multiply the number of gallons by 8J, as each gallon of water 
weighs approximately 8J lbs. 

33. Rules for Finding the Volumes of Regular Figures. 
Volume of rectangular shape = area bottom X height. 

Volume of cylindrical shape = area base X height. 

Length of cylinder = volume 4- area of base. 

Volume of sphere shape =4. 1888 X(radius)3, or 0.5236 X 
(dia.)3. 

Volume of cone or pyramid = area of baseXi vertical 
height. 

Volume of frustrum of cone or pyramid = | the vertical 
height multiplied by the combined sum of the area of top, 
area of bottom, and the square root of the product of the 
top and bottom areas. Volume of irregular solids is found 
by dividing them up into parts resembling the rectangular 
or other shapes whose volumes can be found by the above 
methods. 

PROBLEMS ON THE CALCULATION OF VOLUMES 

1. How many gallons of water in a reservoir 8§ ft. in diameter 
and 5 ft. high? What is its weight? 

2. A cylindrical tank must be built so as to hold 15 gallons 
of gasolene; the tank is to fit in a space that cannot acconunodate 
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over a 3'X3'X2' size. What would be suitable dimensions for 
such a tank? If made of copper ^" thick, what would be the 
weight of tank when filled with 15 gallons of gasolene, assuming 
a gallon of gasolene to weigh 7.5 lbs.? 

3. A tank 4 ft. in diameter and 5 ft. high is | filled with 
machine oil. What is the pressure on the bottom of the tank? 
(This oil weighs 7.9 lbs. per gallon.) 

4. An automobile gasolene tank has an elliptical cross-section 
9"X15" and is 3 ft. long. How many gallons of gasolene will 
it hold? 

5. A water tank 12 ft. high measures 12 ft. in diameter at the 
bottom and 9 ft. at the top. When it is f full, how many gallons 
of water are in it? What is the weight of the water? 

34. Weights of Materials. The weight of a solid is 
found by multiplying the volume in cubic inches by the 
weight of a cubic inch of the solid. 

Knowing the weight of pine patterns free from cores, 
the weights of the iron castings taken from them may be 
found by multiplying the weight of the pattern by 16. 
If the patterns are mahogany and free from cores, multi- 
ply by 9. The weights of bronze castings or steel cast- 
ings may be found by multiplying weight of pine patterns 
from which castings are made, by 19 for bronze and by 
16.5 for steel. If mahogany patterns are used, 11 and 9.6 
are used for bronze and steel respectively. 

16 ounces (oz.) = 1 pound (lb. or pd.) 

100 lbs. = 1 hundred weight (cwt.) 

2000 lbs. (20 cwt.) = 1 ton 

Cast iron (C. I.) = .26 lb. per cubic inch 

Steel (S.) =.28 

Wrought iron ( W. I.) = .27 " ' * 

Brass (B.) =.30 '* '* 

Copper (C.) =.31 

Bronze (Brz.) =.30 " '* 

Lead =.41 *' " 
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Zinc 

Tin 

Aluminum 

Babbitt 

Water (pure) 

Sea water 

White pine (average) =25 to 30 



= .25 lb. per cubic inch 

= .26 '* 

= .09 '* 

= .26 " '' 

=62.5 lbs. per cubic foot 

=64.3 



Yellow pine 

Cedar 

Chestnut 

White oak 

Concrete 

Earth (loose) 

Earth (rammed) 

Stone 

Brick 



=40 

= 35 

=38 

= 50 

= 145 

=76 

= 100 

= 135 to 200 

= 125 to 200 



It 

n 
It 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 



PROBLEMS INVOLVING CALCULATION OF WEIGHTS 

1. What is the weight of 42 cast-iron brackets like the sketch, 
Fig. 17? 



holes»H dla. 




-f 



Fig. 17. 



2. Find the weight of arbor press handle like the sketch, Fig. 18. 

3. Find the weight of a hollow steel spindle 14" long, IJ" in 
diameter, the hole being J" in diameter. 

4. A cast-iron column measuring 8J" outside diameter, has a 
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cored hole 6" diameter throughout its length. Find its weight 
if the 'column is 14 ft. high. 

5. Find the weight of a cast-iron sleeve for square rod if out- 
side measures 2f" square, inside measures If" square and the 
sleeve is 3i" long. 

6j a bronze plate 3}" in diameter and i" thick has a slot 




Fig. 18. 



}"X2" cut through the center. Find the weight of plate, if 
bronze weighs .31 lb. per cubic inch. 

7. A cast-iron billet in the shape of a frustrum of a square 
pyramid is used on a pile-driving machine. The billet is 14" 
high and measures 10" square on the bottom and 6" square on 
the top. What is its weight? 

8. In excavating for a foundation for columns, 32 holes 
6'X6'X4' were dug. How many cubic yards were removed and 
what was its approximate weight, assuming that the earth was 
well packed before digging? 

9. These 32 
foundations are 
to be made of 
concrete as per 
the specifica- 
tions. Fig. 19. 
What is the 
approximate 
weight of the 
concrete filling? 

10. A con- 
crete watering 
trough meas- 
ures 2 ft. deep. 

Fig. 19. 3i ft. wide by 
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8 ft. long outside; while inside, the basin measures 1 ft. 6" 
deep, 2 ft. 10" wide, 7 ft. 4" long. What is its approximate 
weight? If the concrete was mixed in the proportions 1, 2, 3 
so that J of the weight of the trough was cement, how many 
bags of cement were used if each bag weighed 90 lbs.? 

11. A pile of 36 yellow pine timbers measuring 8"X8"X10 
ft. long is stored in an attic. What is the approximate weight 
that this pile exerts upon the attic floor? 

12. What is the weight of 2 cast-iron brackets as per the 
specifications of Fig. 20? 
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Fig. 20. 

36. Weights of Plates and Bars. For convenience in 
finding the weights of plates and bars of cast iron, wrought 
iron and steel, the following is tabulated: 





Weight per Square Foot. 




Weight per Square Foot. 


'PVtlplmAfld 




Thickness 
in Inches. 




in Inches. 


Cast Iron. 


Wrought 

Iron and 

Steel. 


Cast Iron. 


Wrought 

Iron and 

Steel. 


h 


7.03 


7.58 


\ 


32.8 


35.4 


i 


9.37 


10.1 


1 


37.5 


40.4 


i 


14.1 


15.2 


li 


46.9 


50.5 


\ 


18.8 


20.2 


li 


56.3 


60.6 


\ 


23.4 


25.3 


2 


75.0 


80.8 


} 


28.1 


30.3 
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Example Illustrating Use of above Table. A cast- 
iron plate measuring 1" thick, 2 ft. square, costs 3 cents 
per lb. What is the total cost of the plate? 

From the tabulation above, cast iron plate 1" thick 
weighs 37.5 lbs. per square ft. 

A piece 2 ft. square measures 2 ft. on side of square 
and contains 4 sq.ft. 4 sq.ft. cast iron weighs 37.5X4 
or 150 lbs. At 3 cents per pound this would cost $4.50. 

36. Weights of Steel in Pounds per Linear Foot. 



Size in 
Inches. 


Round. 


Square. 


Size in 
Inches. 


Round. 


Square. 


i 


.67 


.85 


2i 


16.7 


21.1 


i 


1.51 


1.90 


2i 


20.2 


25.7 


i 


2.05 


2.61 


3 


24.1 


30.6 


1 


2.68 


3.40 


3J 


32.7 


41.8 


U 


4.17 


6.32 


4 


42.8 


54.4 


li 


6.01 


7.66 


4i 


54.1 


68.9 


li 


8.19 


10.42 


5 


66.9 


85.1 


2 


10.74 


13.61 


5i 


80.9 


102.9 


2i 


13 . 52 


17.21 


6 


96.2 


122.5 



Example Illustrating Use of above Table. A steel 
bar If" square and 2 ft. long is required on a certain job. 
If the stock sells at 8 cents per pound, what is the cost 
of the bar? 

Solution. Steel If" square weighs 10.4 lbs. per running 
foot, as given in the above table. Then a piece 2 ft. long 
would weigh 20.8 lbs. 

At 8 cents per pound this would cost $1.66. 
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PROBLEMS 

1. In taking inventory a stock clerk finds he has not accounted 
for 6 bars of li" round steel, 2 of which are 9 ft. long, and 4 of 
which are 6 J ft. long. At 11 J cents per pound what would this 
amount to? 

2. To make out a certain cost-card requires that there be 
recorded at 13 cents per pound, 2 pieces of }" square stock each 
3 ft. long, and 3 pieces of f " round stock one of which is If ft. 
long, another 5 ft. long, and another 4^ ft. long. What is the 
equivalent cost of these? 

3. Two cast-iron plates J" thick and 18" square are needed 
in making a rubber mould. At 3i cents per pound what will 
these castings cost? 

4. What is the weight of rolled steel plate i" thick used in 
making a chemical tank which measures 2^ ft. in diameter and is 
4 J ft high? An allowance of 1" is made for the lap on the cylin- 
drical part, and the diameter of the bottom is also extended 2" for 
riveting it to the upright. 



CHAPTER III 
PULLEYS AND BELTING 

37. Belts. Power is carried from one line of shafting 
to another by means of belts which pass over pulleys fastened 
to the shafts. 

If these belts are open the pulleys turn in the same 
direction, if crossed they turn in the opposite direction. 



Driver 



Driven 




Fig. 21(a).— Open Belt. 



Driver 



Driven 




Fig. 21(6).— Crossed Belt. 



The pulley supplying the motion is the driving pulley, 
or the driver J while the one receiving the motion is the 
driven pulley. 

38. Pulley Speeds. Provided there is no belt slip, the 
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rim speed of the driving pulley will equal the rim speed of 
the driven pulley, and in each case will be the same as the 
speed of the belt which clings to the pulley. The rim 
speed of a pulley, or the speed of the belt which drives 
the pulley, is found by multiplying the revolutions per 
minute (R.P.M.) of the pulley by its circumference meas- 
ured in feet. 

Example. A line shaft running at 152 R.P.M. has an 
18" pulley driving a countershaft. What is the speed of 
the belt passing over this pulley? 

Solution. r^ X 152 = 716.3 ft. per minute = rim 

speed. 

In case the rim speed and the diameter of the pulley are 
given and it is desired to find the R.P.M. of the pulley, 
the rim speed in feet per minute is divided by the circum- 
ference of the pulley in feet. 

To prove that the result obtained is correct, use the 
diameter and the new R.P.M. in working out a new problem 
to see if the resultant rim speed is the same as the original. 

Example. The rim speed of an 18" pulley is 1250 ft. 
per minute. How many R.P.M. does the pulley make? 

Solution. 1250^ / 18X31416 \ ^ ^^s 25 R.p.M. 

Check on the above. With this R.P.M. and the given 
diameter, the rim speed would be 265.25X18X3.1416 = 
1249.96 ft. per minute. This is practically equivalent to 
1250, hence the R.P.M. is correct. 

39. Belt Slip. If the belt does not cling tight enough 
to the pulley it will slip, and so will not have the same speed 
as the rim of the pulley which it drives. This amount 
of slip may be found by indicating the R.P.M. of the pul- 
ley with a speedometer and subtracting this amount from 
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the calculated R.P.M. The amount of slip is usually 
expressed as a per cent. 

The rim speeds of two or more pulleys fastened to the 
same shaft bear the same proportion as to their diameters. 

PROBLEMS INVOLVING SPEEDS OF PULLEYS AND BELTS 

1. A 14" pulley makes 310 R.P.M. What is the rim speed of 
the pulley? 

2. A pulley 6j" in diameter on a small press motor runs at 
1350 R.P.M. What is its rim speed? 

3. If the belt speed on a line shaft is 2500 ft. -per minute, and 
the belt passes over a 14" pulley and drives a 10" pulley, what is 
the R.P.M. of each pulley? 

4. The speed indicator shows that the surface speed of a 12" 
pulley is 1400 ft. per min. What is the R.P.M. of a 16" pulley 
which acts as the driver of this 12" pulley? 

5. A 12" circular saw runs at 2450 R.P.M. What is its cut- 
ting speed? (Cutting speed is the amount of cutting surface 
passing a given point *peT minute, hence is the same as rim speed 
in feet per minute.) 

6. What is the rim speed of a 12 ft. flywheel running at 135 
R.P.M.? 

7. A flywheel having a rim speed of a mile a minute makes 
120 R.P.M. What is its diameter? 

8. A 10" emery wheel has a cutting speed of 4820 ft. per 
minute. How many R.P.M. does it make? 

9. A handsaw runs over 2 pulleys 36" diameter. The pulley 
runs at 352 R.P.M. What is the cutting speed of the saw? 

10. An emery wheel 14" diameter makes 1200 R.P.M. What 
is the cutting speed? 

40. Rule for Pulley Speeds and Diameters. When 
three items are known about two pulleys that are connected 
by belts J and it is necessary to find the fourth iterriy multiply 
together those two items that are known about one pulley and 
divide this product by the other item belonging to the second 
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pulley. The result will be either the R.P.M. or the diameter^ 
whichever is needed. 

Examples. 1. A 16" pulley running at 150 R.P.M. drives a 
24" pulley. How many R.P.M. does this pulley make? 




C 



Driving: shaft 
B.P.M. constant with 
each change of belt 



Driven shaft 



R.P.M. changes 
as belt is shifted 



Fia. 22. — Step-cone Pulleys. 



Solution. 



16X150 
24 



= 100=R.P.M. of puUey. 



2. A pulley of a shaft running at 120 R.P.M, drives a 24" 
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pulley at 180 R.P.M. What is the diameter of the driving 

pulley? 

180X24 
Solution. — rrr — = 36" diameter of driving pulley. 

To secure different R.P.M. from the driving shaft, a 
cone pulley may be used on both the driving shaft and 
the driven shaft. Because of the difference in the sizes of 
the circumferences of the steps on the cone this change in 
R.P.M. can be accomplished. 

Example on Step-cone Pulley. A cone pulley having 
steps equal to 11", 8", 5", running at 120 R.P.M., drives a step- 
cone pulley having diameters of 4", 6i", 9". What are the ranges 
of speeds that can be obtained? 

Solution. 

120X11 

— =330 R.P.M. driving from large step of driver; 

120X8 

= 148 R.P.M. driving from middle step of driver; 



6.5 
120X5 



= 67 R.P.M. driving from small step of driver. 



41. Rule for Finding Length of Belt over Pulleys. When 
the belt is of open style, the length of belt = 3.1 4i6X{radius 
small pulley in inches +radius of large pulley in inches) 

(R—r)^ 
+2Xdistance between centers in inches-\--.^—f~. 

D = distance between centers of pulleys expressed in feet. 
When the belt is of crossed style the length is 

3.1416(fl+r)+2D+^^^, 
where fl, r, and D are expressed inches. 
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Examples. 1. A 14" pulley and a 20" pulley 12 ft. apart are 
connected by an open belt. How long is the belt? 

3.1416(10+7)+(2X144)+-^^^^ =28.46 ft. length of belt. 




Fig. 23. 




FjG. 24. 

2. What would be the length if crossed belt was used? 

('104-7)2 
3.1416(10+7) +(2X144)+^^^^ =28.62 ft. length of cross belt. 



GENERAL PROBLEMS INVOLVING PULLEY 

CALCULATIONS 

1. A 14" pulley running at 200 R.P.M. drives an 8" pulley. 
Find the R.P.M. of the 8" puUey. 

2. It is found necessary to run a countershaft at 310 R.P.M. 
If driven from an 18" pulley at 175 R.P.M., what must be the 
diameter of the pulley on the countershaft? How long must a 
crossed-style belt be if the centers are 10| ft. apart? 

3. A separate line of shafting running at 200 R.P.M. is to be 



36 SHOP MECHANICS AND MATHEMATICS 

driven from another line running at 150 R.P.M. and located 12 
ft. from it. Give two suitable sizes of pulley and find the length 
of belt used if the belting is of the open type. 

4. A countershaft running at 250 R.P.M. has a cone pulley 
with steps 11", 9" and 7" driving a cone on a lathe with steps 
7", 5" and 3". What different speeds can be obtained by this 
arrangement? 

5. It is desired to change the cutting speed of a 14" emery 
wheel to 4000 ft. per minute. The wheel is to be driven from a 
14" pulley on a countershaft making 300 R.P.M. What size 
pulley must be used on the emery wheel and what length open 
belt is needed, the distance between centers being 7 J ft.? 

6. A countershaft with a 14" pulley must be driven at a speed 
of 390 R.P.M. What size pulley must be put on the line shaft 
which runs at 210 R.P.M.? How long an open belt must be used 
if centers of shafts are 9 ft. apart? 

7. An engine which runs at 85 turns a minute drives a 5 ft. 
pulley on a line shaft from a 12 ft. flywheel. This line shaft in 
turn drives from a 28" pulley a jackshaft with an 18" pulley. 
Find the R.P.M. of the jackshaft. 

8. A jackshaft with a 12" pulley running at 410 R.P.M. drives 
a 14" emery wheel with a 4" pulley. What is the cutting speed 
of the wheel? What will it be when wheel is worn down to 10" 
diameter? 

9. In a set of cone pulleys, the driving cone has steps 10", 
7" and 4" in diameter. The other cone has steps 9", 6" and 
3". If the driving shaft makes 210 R.P.M., what are the R.P.M. 
of the driven cone as the belt is shipped from step to step? 

10. In arranging two pulleys to give 174 R.P.M. to the driven 
shaft, a 12" pulley was put on the driving shaft, which ran at 120 
R.P.M. Find the size of pulley on the driven shaft. 

11. Show an arrangement of pulleys that will give 210 R.P.M. 
to the driven shaft when the driving shaft makes 135 R.P.M. 
The pulleys must be over 10" diameter. What is the length of 
belt if the crossed style is used and the centers of pulleys are 10 
ft. apart? 

12. A 16" emery wheel has a cutting speed of 5000 ft. per 
minute. The wheel is driven by a 3" pulley on the same spindle 
which takes the belt from a 10" pulley. Find the R.P.M. of the 
10" puUey. 
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13. An 8" pulley on a countershaft runs at 420 R.P.M. If 
driven from a line shaft that makes 180 R.P.M. what size pulley 
is used on the line shaft? 

14. A 24" pulley running at 200 R.P.M. drives a 16" pulley. 
Find the R.P.M. of the 16" pulley. If the driving is by means of a 
crossed belt, what is the length of belt used? The centers of the 
pulleys are 14 ft. apart. 

15. A fan pulley 4" in diameter is driven at 800 R.P.M. by 
a pulley on a line shaft running at 175 R.P.M. What is the 
diameter of the pulley? 

16. A line shaft running at 225 R.P.M. drives from a 22" 
pulley a 6" puUey on a grinder. How many R.P.M. does the 
grinder make? 

17. What is the length of belt if the centers of the pulleys 
in the above case are 9| ft. apart? 

42. Methods of Connecting Pulleys by Belts. In 
arranging pulleys on shafting it must be remembered 
that unless the driving side of the belt is delivered to the 
center of the face of the driven pulley, it will run off. How- 
ever, it is not necessary that the belt leave in the center of 
the face of the driving pulley. 

To accomplish the above, it is sometimes necessary to 
use guide pulleys. This may be more clearly seen by a 
study of the drawings of pulley connections shown in 
Figs. 27 and 28. 
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Fig. 25. — Quarter-turn Belt. 

This style of belting is used to connect shafts that are at any angle 

between 0° and 90° with each other. 
In this case the belt can travel in only one direction. The pulleys 

used should be small enough and far enough apart to prevent 

strain or slip in the belt as it leaves the pulley. 





Fig. 26. — Special Belt Connection. 

Used where direct connection is impossible because of conditions 
interfering. Belt may run in either direction. 
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Fig. 27 (a; 



Belt connection for shafts at angle and on dif- 
ferent levels. Belt may run in either direct i-^n . 




Fig. 28 (6) 
Belt may run only in direction indicated. 



CHAPTER IV 
TOOTH GEARING 

Motion is transmitted through short distances by means 
of gears arranged either in a train or connected by link 
belts. By this method the drive is positive and there is 
no slip. 

43. Simple Gear Trains. In this method of gearing the 
linear velocity of the face of all gears in the train is the same. 




Fig. 29.— Simple Gear Train. 



From Fig. 29 it is seen that: 

1. In a simple gear train the following gear rotates in 
the opposite direction to the driving gear. 

2. Every second gear rotates in the same direction. 

40 
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3. In a simple train having an even number of gears the 
last gear rotates in the opposite direction to the first 
gear. 

4. If there is an odd number of gears in the train the last 
gear rotates in the same direction as the first gear. 

44. General Rule for Speeds of Gears Arranged in 
Simple Train. To find the number of revolutions of any 
gear for one revolution of any other gear, in a simple gear 
train, divide the teeth in the first mentioned gear by the 
teeth in the last. 

PROBLEMS ON SIMPLE GEAR TRAINS 

1. Four rolls are connected by gears in the following order: 
120 teeth, 100 teeth, 80 teeth, and 60 teeth. Give the direction 
and turns of each roll per minute, if the 120-tooth gear turns 
right-handed at 40 R.P.M. 

2. A 110-tooth gear drives two 42-tooth gears on the end 
of feed rolls, the second 42-tooth gear in turn drives two 36- 
tooth gears on the end of two other rolls. If the first driving 
gear turns left-handed at 30 R.P.M. , give the R.P.M. of the 
other rolls and the direction of the feed. 

3. Give the direction and R.P.M. of a set of gears in a feed 
mechanism arranged in a simple gear train as follows, the first 
gear driving left-handed at 40 R.P.M.: 84 teeth, 22 teeth, 22 
teeth, 84 teeth, 20 teeth, 84 teeth, 18 teeth, 13 teeth. 

46. Compound Gear Trains. To reduce or to increase 
the speed in gear trains, the gears are arranged in com- 
pound as illustrated in Fig. 30. By this arrangement a 
driving gear fixed with the first driven gear drives a second 
driven gear which in turn may have a driving gear operat- 
ing as in the first set. 

The revolutions of the last gear in the train for one of the 
first are found by multiplying together the teeth on the driving 
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gears and dividing this by the product of the teeth on the driven 
gears. 

n 



Third driver 



Second driver 




■Tiilrd driven gear 



Fig. 30. — Compound Gear Train. 



PROBLEMS ON COMPOUND GEAR TRAINS 

1. In the gear train, Fig. 31, give the dinctionand revolution 
of last gear for one of the first. 




Fig. 31. 



2. Find the R.P.M. and direction of the last roll for the train 
of Fig. 32 if first roll makes 42 R.P.M. and turns right-handed. 
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Showing Arrangement of Back Geara. 



Note. Codc pulley which ia driven by belt runs tree on spindle, 
turning with it the amall cone gear. The driving takes place through 
small cone gear, large back gear, small back gear, and large cone 
gear to spindle, which turns spindle gear keyed to it and drives 
through reverse gear to stud gear, then to lead screw. 
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3. In the back-gear train on a 10" lathe shown in Fig. 33, 
how many turns does the spindle make for 100 revolutions of the 
cone pulley? 

4. Make a sketch of the hoisting machine in Fig. 34, and find 
the number of turns of the handle required for one of the drum. 
How many times must the handle turn around to raise a weight 
10 ft.? The diameter of the drum is 8". 



oil 



28th 




22th 



Drui 



aS'dSs 



6Cth 



132th 



Fig. 34. — Hoisting Machine. 



5. Prove that the arrangement of gears in a clock, Fig. 35, 
is correct. 

6. Arrange another set of gears for a similar clock and prove 
that they are correct. 

7. Make a sketch of the apron gears and cross-feed screw 
used in the power cross-feed on an engine lathe, as in Fig. 36. 

How far will the tool move in taking a cross-feed cut during 
40 turns of lead screw? What is the rate of travel of the 
cross-feed? How far will the tool travel in 75 turns of lead 
screw? 
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Fio, 35.— Clock Gears. 



FiQ. 36. — Gear Train in Power Croaa-feed of a 14" Engine Lathe. 
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8. In the cross-feed mechanism, Fig. 37, what is the rate of 




21th 



Table 

I " t 

Nut^Tf^rithds per inch 

Itltlilililililiiifili'iii ilinlililili''liliiiiiitlililt1? 

Ci*o::s feed screw 




Worm gec.7 



S6th 



Worm 



Worm keyed to feed rod 

Fig. 37. — Cross-feed Mechanism. 



travel of the cross-feed? ' How far will the table travel during 12 
turns of the feed rod? 

46. Simple Gearing as Applied to a Lathe. Fig. 38 
shows the arrangement of gears in a lathe. The idlers 
used do not effect the velocities of the gears, but only serve 
to reverse the motion of the following gear. 

In the illustration the drive is as follows: With the 
back gears in, gear No. 1 is fast to the cone pulley and 
turns with it loose on the spindle, driving through the 
back gears No. 2 and No. 3 to gear No. 4, which is keyed 
to the spindle but unlocked from cone pulley. The spindle 
gear turns with the spindle and drives the inside stud 
gear through an idler, turning the change stud gear, which 
drives through idler to the lead screw. 

When the back gears are out, gear No. 4 is fastened 
by a pin to the cone pulley and turns with it, and the rest 
of the driving is the same as before. 

47. Rule. To find the turns that the lead-screw makes 
for one of the spindle, multiply the teeth in the spindle gear 
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by the teeth in the change stud gear, and divide this by the 
■proditct of the inside stud gear and the lead-screw gear. In 




case the spindle gear and the inside stud gears are the same, 
divide the stud gear by the lead-screw gear. 



PROBLEMS 

1. The spindle gear on a simple-geared lathe has 24 teeth, 
the inside gear on the stud 24 teeth, the change stud gear 16 
teeth, and the lead-screw gear 80 teeth. How many turns does 
the spindle make for one of lead screw? 

Note. The rule by which such a case is worked out is the 
inverse of the rule above and is much the same as the one expressed 
under the head of " Compound Gear Trains." It may be written: 
Tuma of spindle for one of lead screw equals , 



Lead-screw 



gear 



Change stud gearXspindle gear' 
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Solution of Problem No. 1, 
80X24 



16X24 



«= 5 turns of spindle for 1 of lead screw. 



2. A lathe having the spindle gear and inside gear of same size 
has a 32-tooth stud gear and a 72-tooth gear on the lead screw. 
How many turns does the spindle make while the lead-screw 
gear turns once? 

3. On a small screw-cutting lathe the gears are arranged 
as follows: spindle gear 32 teeth, inside gear 24 teeth, change 
stud gear 32 teeth, lead-screw gear 40 teeth. How many turns 
does the spindle make while the lead-screw gear turns once? 

4. In order to obtain two turns of a spindle for one of lead 
screw when a 48-tooth gear is used on the lead screw, and the 
inside gears are alike, what size gear must be used on the stud? 

Note. This may be solved by a rule which is a form of the 
rule previously given. 

Change gear on stud equals 

Lead-screw gear 



Turns of spindle for one of lead screw* 

6. On a simple-geared lathe the operator on a special job finds 
it necessary to have the spindle make 2 turns while the lead 
screw makes 3 turns. What gear must be used on the stud if a 
36-tooth gear is used on the lead screw? 

6. To change the lathe in the above question so as to have the 
spindle make 3 turns for 2 of the lead screw, what gear must be 
used on the lead screw if a 48-tooth gear is used on the stud? 

Note. The rule applying to this case is a form of the rule 
previously stated: 

-. , Turns of spindle X stud gear 

Lead-screw gear = = — — — . 

Turns of lead screw 

7. The change lead-screw gear has 32 teeth while the outside 
stud gear has 40 teeth. If both the spindle gear and the inside 
stud gear have the same number of teeth, how many turns will the 
lead screw make while the spindle turns once? 

8. How many turns of lead screw for one turn of the spindle 
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when spindle gear has 24 teeth, inside stud gear 32 teeth, out- 
side change stud gear 48 teeth and the lead-screw gear 24 teeth? 

48. To Find the Threads Cut per Inch on a Simple- 
geared Lathe. 

Note. As the spindle gear and the inside stud gear 
are most always the same size they are not to be considered 
in the following work, hence not in the rule here given. 

Threads cut per inch on simple-geared lathe equal 

Threads on lead screwXteeth on lead-screw gear 

Teeth on stud gear 

PROBLEMS 

1. On a simple-geared lathe having 6 threads to the inch 
on the lead screw, how many threads are cut per inch when a 32- 
tooth gear is used on the stud and a 96-tooth gear is used on the 
lead screw? 

96X6 
Solution. = 18 threads cut per inch. 

2. Using an 80-tooth gear on the lead screw and a 16-tooth 
gear on the stud, how many threads may be cut per inch where 
the lead screw has 8 threads per inch? 

3. A lathe having a lead screw with 6 threads per inch running 
simple-geared, uses a 32-tooth gear on the stud and a 48-tooth 
gear on the lead screw. How many threads are cut per inch 
with this combination? 

4. What gear must be used on the lead screw in order to cut 
8 threads per inch when the lead screw has 6 threads per inch 
and a 48-tooth gear is used on the stud? 

Note. The rule applying in this case is a form of the one 
previously expressed regarding thread cutting. 
Gear on lead screw equals 

Threads to be cut X teeth in stud gear 
Threads on lead screw 

5. What gear must be placed on the stud to cut 14 threads 



50 SHOP MECHANICS AND MATHEMATICS 

per inch when a 56-tooth gear is used on the lead screw and there 
are 6 threads per inch on lead screw? 

Note. This rule is a form of the above, expressed as follows: 
Gear on stud equals 

Threads on lead screw X teeth in lead -screw gear 

Threads to be cut 

49. Gear Combinations to Cut any Special Thread. 

To find the combination of gears to cut any desired thread 
on a simple-geared lathe, select gears that bear the same 
proportions to each other as the threads to be cut bear 
to the threads per inch on the lead screw. 

This method of calculation is derived from the general 
rule ^ on thread-cutting and may be expressed in a ratio 
form as below: 

Lead-screw gear _ Threads to he cut per inch 
Stud gear Threads per inch on lead screw' 

Example Showing How to Find Combination to Cut a 

Special Thread on a Simple-geared Lathe. What pair 

of gears may be used to cut 4| threads on a lathe having 6 threads 

on lead screw? 

4i $ 9 

Solution, Ratio of gears =—=— or — . 

DO 1^ 

Any two gears having the relation of 9 to 12, which is the 
same as 3 to 4, may be used. 48 and 64 will answer, or 36 and 
48, or 60 and 80. 

To prove that 4J threads can be cut where a 48 gear is used 
on the lead screw and 64 on the stud, and where there are 6 threads 
per inch on the lead screw, use the rule relating to thread-cutting 
as given on page 49. 

Proof. .. ="S" =^i threads cut per inch. 
64 o 
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PROBLEMS 

1. On a simple-geared lathe with 6 threads on the lead screw, 
what gears are to be used on the stud and the lead screw to cut 
IJ threads per inch? 

2. In the above case what gears would be used on a lathe 
having 4 threads on the lead screw? What gear is used on the 
stud and what gear on the lead screw? 

3. A lathe cutting 6J threads per inch has a lead screw with 
6 threads per inch. What gears may be used, and where? 

4. In cutting 2 threads per inch on a lathe having 4 threads 
per inch on the lead screw, a 32 gear is used on the lead screw. 
What gear is used on the stud? 

-^ ^ . , Lead-screw gear X threads on lead screw 

Rule. Gear on stud = z=r. ; ; 

Threads to be cut 

5. K a 32 gear used on the stud, and a 48 gear on the lead 
screw will cut 4 threads per inch, how many threads are on the 
lead screw? 

Rule. Threads on lead screw equ>als 

Stud gearXthreads cut per inch 
Lead-screw gear 

6. Find suitable gears within the range of 16 and 96 to cut 
the standard threads from 4 to 48, including 11§, when the lathe 
is simple-geared and a lead screw with 8 threads to inch is used. 

50. Compound Gearing as Applied to a Lathe. The 

name " compound *' is applied to the method of gearing 
(shown in Fig. 39) because of the compound gear train 
through No. 3, No. 4, No. 5 and No. 6. 

The driving of the lead screw takes place the same as 
in the simple-geared lathe. 

To find the turns that the lead screw makes for one of 
the spindle J multiply the driving gears No, ly No, 3 and No, 
5 together, and divide by the driven gears No, 2, No. 4 ^^^ 
No. 6. 



52 SHOP MECHANICS AND MATHEMATICS 

Example. If No. 1-24, No. 2-24, No. 3=32, No. 4-72, 
No. 5-36, No. 6 -48, then the turns of lead screw for one of apindie 

24X32X36 1 , .^ . , j , , 

are, ^ ■- -turns that lead screw makes for one of 

spindle. 

Note. The Bpindle gear and the inside gear are usually alike, 
so may not be conudered In the following calculations. 
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1. Using a 96 gear on the lead screw and a 32 on the stud, 
with compounding gears 48 and 24, how many times wiU the 
spindle turn while the lead screw turns once? 

2. With the same compounding gears as above, how many 
turns will the spindle make when a 36-tooth gear is used on the 
lead screw and a 48-tooth gear on the stud? 

3. Id order that the spindle on a certain lathe may make as 
many turns as the lead screw, what gears may be used? 
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51. Threads Cut per Inch. To find the threads cut 
per inch on a compound lathe, the rule is the same as in 
simple gearing except that the gears used in compound- 
ing must be considered. 

Threads cut per inch on compound geared lathe = 
Threads on lead screw X lead-screw gearXinside compound gear . 

Stud gearXoutside-compound gear 

Example. Find the threads cut per inch when the lead-screw 
gear is 48, the stud gear 64, and the compounding gears 36 and 
72, and there are 8 threads on the lead screw. 

Solution. ^^,,„^ = 12 threads cut per inch. 
64X36 

PROBLEMS RELATING TO THREAD CUTTING ON A COM- 
POUND GEARED LATHE 

1. Using the same lathe and the compounding gears in the 
above case and having a 16-stud gear and a 72 lead-screw gear, 
how many threads are cut per inch? 

2. On a lathe having 6 threads per inch on the lead screw with 
compounding gears 48 and 24, a 64 gear is used on the lead screw 
and a 32 on the stud. How many threads are cut per inch? 

3. How many threads are cut per inch in a lathe having 8 
threads on the lead screw and using 48 and 72 for the compound 
gears, with a 64-tooth gear on the stud and a 32 gear on the lead 
screw? 

4. In the above lathe how many threads will be cut if the stud 
gear and leadscrew gear were changed about? 

5. A lathe having 4 threads per inch on the lead screw, using 
36 and 72 as compounding gears, has a 48 gear on the stud and 
a 92 gear on the lead screw, how many threads are cut? 

6. Arrange a suitable gear list for a compound geared lathe 
to cut from 4 to 72 standard threads, the lead screw having 8 
threads per inch. 

62. Use of Different Compound Gears. Quite often 
with the ordinary set of change gears the range of thread- 
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cutting on a compound lathe could be greatly extended if 
a different set of compound gears was used. 

The ratio of these gears can readily be found from the first 
rule under ** Compound gearing on lathe." It is expressed 
in fraction form as follows: 

Ratio of inside compounding gear to outside compounding 

gear 

__ Threads to be cut per inch X stud gear 

Threads per inch on lead screw Xlead-screw gear 

Example. On a special threading job it is desired to cut 2 
threads per inch. The lead screw on the lathe used has 6 threads 
per inch, while a 48-tooth gear is used on the stud and a 32-tooth 
gear on the lead screw. What arrangement of compounding 
gears is suitable under such conditions? 

Solution. Threads cut per inch = 2 

Threads on lead screw = 6 
Stud gear =48 

Lead-screw gear =32 

2X48 1 
Then, - — r^ =-= ratio of inside gear to outside gear. 

OX o^ ^ 

That is, with a 24-tooth inside gear a 48-tooth outside gear 
should be used. Any other two gears with this ratio would also 
do. 

PROBLEMS INVOLVING FINDING THE RATIO OF COM- 
POUNDING GEARS 

1. A lathe having 8 threads per inch on the lead screw is being 
set up to cut 23 threads. What suitable compounding gears 
could be used if the lead-screw gears have 92 teeth and the stud 
gear 36 teeth? 

2. It is desired to cut 64 threads per inch on a lathe having 
8 threads per inch on the lead screw. A 16-tooth gear is used 
on the stud and a 64-tooth gear on lead screw. What two com- 
poimding gears could be used? 

3. A lathe using a 72-tooth gear on the stud and a 32-tooth 
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gear on the lead screw, has 6 threads on the lead screw. What 
compounding gears are used in cutting IJ threads per inch? 

4. What compounding gears are to be used to cut 5 J threads 
per inch when the lathe has 6 threads per inch and a 44-tooth gear 
is used on the lead screw and a 32-tooth gear is used on the stud? 

63. Sizes of Stud and Lead-screw Gears. The size of 
stud gear and lead-screw gear needed in cutting a desired 
thread with a given set of compounding gears may also be 
found from this first rule on '' Compounding gearing as 
applied to the lathe." 

The ratio of the stud gear to the lead-screw gear = 
Inside compound gear X threads on lead screw 
Outside compound gearXthreads to be cut 

Example. In cutting 5 threads on a lathe having a lead screw 
with 6 threads per inch and using 48 and 72-tooth gears for com- 
pounding, what size gears are to be used on the stud and the lead 
screw? 

Solution. Inside compounding gear =72 

Outside compounding gear =48 
Threads on lead screw =6 
Threads to be cut per inch =5 

-——-=-= ratio of stud gear to lead-screw gear. 
48X5 5 

72-tooth gear on stud and 40-tooth gear on lead screw will 
answer. 

PROBLEMS INVOLVING THE FINDING OF LEAD-SCREW 
GEAR AND STUD GEAR FOR GIVEN THREADS TO 
BE CUT 

1. On a lathe having 8 threads per inch on the lead screw and 
using 36 and 72 as compounding gears,* what gears must be used 
on the lead screw and on the stud to cut 4 threads per inch? 

* In stating the sizes of the compounding gears the outside gear 
is given first, the inside compounding gear is given second. 
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2. What gears must be used to cut 12 threads on a lathe hav- 
ing 6 threads per inch on the lead screw where 24 and 48 are used 
as compounding gears? 

3. A certain job requiring a cut of 1§ threads per inch is set 
up on a lathe having 4 threads per inch on lead screw. What 
suitable gears can be used on the stud and the lead screw where 
24 and 72 are used as compounding gears? 

4. Make a complete list of change gears with one set of com- 
pounding gears, to be used on a lathe having 8 threads per inch 
on the lead screw, and cutting from 4 to 48 threads per inch of 
standard sizes, including 11}. Gears must not be smaller than 16 
or greater than 96. 



CHAPTER V 
FORCE AND ITS RELATION TO WORK 

64. Work. Work is the overcoming of resistance 
through space. The amount of work performed depends 
upon the force acting and the distance it acts through, 
and is expressed in terms of a unit known as the Soot- 
pound, This unit signifies the amount of work done in 
lifting a pound weight through a distance of 1 ft., or the 
amount of work done in overcoming a resistance of 1 lb. 
through a distance of 1 ft. 

To find the amount of work done in lifting a body 
through a given distance, multiply the weight of the body in 
pounds by the distance moved through in feet. 

To find the amount of work done in overcoming any given 
reststancCj multiply the force required in pounds {equals 
the resistance overcome) by the distance moved in feet in the 
direction of the force. 

From the above it may be seen that the same amount 
of work may be done in moving a large weight through 
a small distance, as in moving a small weight through a 
great distance. For example, as much work is done in lift- 
ing 50 lbs. through 10 ft. as in lifting 10 lbs. through 50 
ft., or lifting 25 lbs. through 20 ft.; in either case 500 ft.-lbs. 
of work are done. 

To enable work to be done to advantage, different forms 
of machines and mechanical devices are used, but in none 
of these can energy be created. The arrangement of the 

67 
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parts is such as to enable the applied force to be trans- 
ferred so that it may be used to advantage. If all machines 
could deliver the same amount of energy that is supplied 
to them, i.e., if there were no internal losses, the foot-pounds 
of work input would equal the foot-pounds of work delivered. 

This input, or the work supplied, would be equal to the 
applied force multiplied by the distance it moves through, 
while the output, or the work delivered, would be equal to 
the resistance to be overcome multiplied by the distance 
moved through. That is, the work done by a small force 
moving through a great distance would be the equivalent 
of the work necessary to overcome a greater resistance 
through a smaller space, or the equivalent of the work 
necessary to move a large weight through a small dis- 
tance. 

But the work done by a machine is always less than the 
energy supplied, due to losses in friction, heating, etc. 
This relation of work done to the energy supplied is an 
expression of the efficiency of the machine, and is commonly 
stated as the relation of output to input. Efficiency is 
commonly stated as a per cent. As the losses in a machine 
become less, its efficiency increases. 

In all calculations, unless otherwise stated, we will 
assume that the work done equals the energy supplied, 
and express it by the form: 

PXdi = WXd2, where in the case of moving a weight 

with a certain force; 
P = applied force in pounds; 
di = distance in feet applied force moves through; 
Tr = weight to be hfted or resistance to be overcome; 
d2 = distance in feet through which the weight is lifted 

or the resistance is overcome. 
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Example. A 250-lb. weight on a pile-driving machine is 
dropped upon a pile from a height of 15 ft. At each fall the pile 
is driven 3 ins. into the ground. Assuming that none of the 
energy due to the velocity of the falling weight is lost in over- 
coming the friction on the slide, what is the resistance offered by 
the pile? According to the above rule: 

250 lbs. X 15 ft. = 3750 ft. -lbs. = energy supplied in driving pile 3 ins. 
3" (or i ft. )X resistance in pounds overcome = work done or 
energy expended. 

That is 3750 = iXresistance in pounds overcome. Reduced 
to its simplest form this equals 15,000 lbs., the resistance in 
pounds overcome. This also equals force acting upon the head 
of the pile. 

PROBLEMS INVOLVING THE USE OF THE WORK FORMULA 

1. 132 gallons of sea-water are pumped from the hold of a 
boat every three minutes. If the lift of the water is 12 ft., how 
much work is done per hour? 

2. In hoisting a timber weighing 324 lbs. 18 ft., how much 
work is done? 

3. A 480-lb. machine mounted upon skids is moved 14 ft. 
across the shop floor. If the resistance offered to moving is 130 
lbs., how much work was done? 

4. An apprentice wheeling a truck load of scrap iron 52 ft. 
performs 2132 foot-pounds of work. How much force is used to 
move the truck? 

5. In driving piles for a foundation, a pile-driver drops a weight 
of 360 lbs. from a height of 20 ft., driving the pile 4 ins. Assuming 
that all the energy of the pile-driver is used in driving the pile, 
what is the force acting upon the head of pile? 

6. In lifting a 35-lb. chuck 2J ft. to a table, how much work 
is done? 

7. On a 4-mile walk, how much work against the wind does a 
man do if he has to walk against a wind that exerts a pressure of 
2§ lbs. per square foot of surface? The surface exposed to the 
wind may be considered as 4 J sq.ft. 

8. By pushing a truck against 42 lbs. resistance for 70 ft., 
how many foot-pounds of work are done? 
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9. In punching a hole through a wrought-iron plate J" thick 
the force behind the punch is 62,000 lbs. How much work is 
done in each operation, assuming that the resistance is uniform 
throughout? 

55. Levers. A force is often applied to advantage 
through the use of links or levers. A lever consists of a 
rigid bar which pivots about a point called the pivot or 
the fulcruniy the position of the pivot determining the 
advantage of the applied force. 

Three arrangements of the force, weight and fulcrum 
are possible. In all three the following holds true: the 




Power arra^ 



Weight arm — > 



r 

Weight 
Fig. 40. — Lever; Fulcrum between Force and Weight. 

weight arm is the perpendicular distance from the pivot 
to the weight, and the power arm is the perpendicular dis- 
tance from the pivot to the point where the force is applied. 
In the first arrangement; shown in Fig. 40, the pivot 
is located between the force and the weight to be moved; 
the force moves in a direction opposite to that of the 
weight. 

Note. In the figure, as also in Figs. 41 and 42, the arrows 
show the direction of motion of the force and the weight. 

In the second arrangement, shown in Fig. 41, the pivot 
is at one end of the lever, and the weight is between the 
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force and the pivot. The weight and force move in the 
same direction. 

A third arrangement is shown in Fig. 42. The pivot 




, uw Weigrht 

N — Weight arm — * 

' I 

Fig. 41. — Lever; Weight between the Force and the Fulcrum. 

is located at one end of the lever and the force and weight 
move in the same direction. 

The same principle applies to levers that applies to all 
other machines, that is: The force, multiplied by the dis- 




Force 



i) 



-Weight arm ■ 



Weight 



^i 

Fig. 42. — Lever; Force between the Fulcrum and Weight. 

tance it acts through, equals the weight multiplied by the dis- 
tance it acts through. 
It is also a rule that: 

force X force arm = weight X weight arm. 

From this rule any one of these four quantities may be 
found when the other three are known: 
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(a) To find the force. Multiply the weight by the 
weight arm and divide this product by the force arm. 

(6) To find the force arm. Multiply the weight 
by the weight ann and divide this product by the 
force. 

(c) To find the weight moved. Multiply the force 
* by the force arm and divide this product by the 

weight arm. 

(d) To find the weight arm. Multiply the force by 
the force arm and divide this product by the weight. 

From these rules and the illustrations it is seen that 
the most advantage is gained through the use of a lever 
of the second arrangement, and a loss in advantage results 
through the use of a lever of the third arrangement. 

The pressure on the pivot in the lever of the arrange- 
ment shown in Fig. 40 is found by adding the force and 
weight together. In the levers of the second and third 
arrangements, the pressure is equal to the difference be- 
tween the force and the weight. 

PROBLEMS 

1. Treadle on a foot-power' lathe. Find the direction and 
amount of the force at (7, Fig. 43. 



18 lbs. 




Fig. 43. 



2. Lift rod. Find the direction and amount of the force at 
C, Fig. 44. 
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3. Shoe brake. Find the amount of the force at C, Fig. 45, 
at right angles to the arm CB. 




Fig. 44. 



28 lbs. 




-*- 



Fig. 45. 

4. Punch rod. Find the direction and amount of the thrust 
at Bj Fig. 46, necessary to exert a force of 600 lbs. at A. To 
which arrangement of levers does this belong? 




Fig. 46. 

5. If in a rod similar to the above a force of 90 lbs. at B gives 
a resulting force of 540 lbs. at the punch, what is the proportion 
of the arms? Sketch such a leverage. 
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6. Treadle. Find the force at C, Fig. 47, and indicate its 
direction. 

7. If the weight arm in Fig. 47 were 9", what would be the 
pressure necessary in order to obtain the same force at C? 



-?^ 




Fig. 47. 

8. Shear blade. Find the force at A, Fig. 48, and indicate 
its direction. 

9. To obtain the same force in the above case with a pressure 
of 50 lbs., what must be the distance from the center of the blade 
to the point where the force is applied? 



SSlbs. 

< 



-22 



// 




Fig. 48. 

10. Brake rod With a push of 180 lbs., find the approxi- 
mate pressure of the shoe on the pulley. Fig. 49. Why is this only 
the approximate amount? 

If the point A were 12" from the pivot, what would be the 
push to give the same pressure as above? 

11. Punch rod. In order to obtain an upward pressure of 
200 at A J Fig. 50, what must be the force exerted by the cam? 

12. If the punch in the above example is moved 2" to the right, 
what will be the pressure if the cam exerts the same force as 
before? 
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Fig. 49. 
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Fig. 50. 




Fig. 61. 
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13. Air in the air cylinder, Fig. 51, exerts a pressure of 35 
lbs. per square inch. The air piston is 5}" diameter, piston rod 
is J" in diameter. Find the forward and backward thrust at 
A. 

56. Pulley Blocks. Among the simple machines, the 
same principle previously stated holds true, that, pro- 
vided there is no internal loss, the applied force multiplied 
by the distance it moves through equals the weight moved 
multiplied by the distance it moves through. 



mm//////////y^////m 




Weight 




Power 



Weigbt 



Fig. 52.— Single Pulley. 



In a single pulley, as illustrated in Fig. 52, the weight 
and the power move through the same distance. These 
pulleys require a force equal to the weight to be lifted, 
and no advantage is gained in the resulting pull other than 
a change in direction. 

In an arrangement of double pulleys. Fig. 53, in 
order for the weight W to move through 1 ft. it is necessary 
for the applied force P to move through 2 ft. That would 
make PX2d = TFXd, where d equals the distance the weight 
moves through. From this TF = 2P, and the mechanical 
advantage is 2 to 1. 
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Example. How many pounds may be lifted with a double- 
pulley block when a pull of 32 lbs. is exerted? 

Sohdion. In a double-pulley block the applied force moves 
through twice the distance that the weight does and the mechan- 
ical advantage is 2 to 1. Therefore the weight lifted will be 
32X2 of 64 lbs., assuming there is no loss due to friction. 

If a block with several pulleys is used, as Id the case of 
a tackle with two sheaves, Fig. 54, it is seen by inspection 




Fia. 53.— Double Pulley, 



Fig. S4.— Block aad Tackle. 



that for TT to be raised through 1 ft. the applied force must 
move through 4 ft. A two-sheave pulley is the equivalent 
of 2 double pulleys placed side by side. 

Example. In a pair of blocks with two sheaves each, how 
much weight can be lifted by 22 lbs. pull? 

Solution. In a block with two sheaves it will be seen that the 
power moves through 4 times the distance that the weight does, 
or PXid = WXd. Here the mechanical advantage is 4 to 1. 
Hence, weight =22X4 =88 lbs. that may be lifted, disregarding 
friction losses. 
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From the above the following general rule may be 
given: 

The weight lifted is always as many times greater than the 
applied force as there are supporting cords to the lower set 
of pulleys. 

PROBLEMS RELATING TO THE USE OF HOISTING PULLEYS 

1. How much force must be exerted upon a weight of 120 
lbs. to raise it 4 ft., using a double-pulley block with single sheaves, 
as m Fig. 53? 

2. A bar of iron weighing 420 lbs. is lifted by a double-pulley 
block with two pulleys in each block. The pulleys offer a resist- 
ance of 12 per cent. If two men are put on the job, what pull 
must each exert to raise the bar? 

3. An arrangement of two pulley blocks containing two sheaves, 
ea<Jh is used to lift a box of tools weighing 160 lbs. from the floor 
to the bench, a distance of 2§ ft. How much pull must be exerted? 
How many feet of rope leave the last sheave? 

4. A tackle with two 6" pulleys in each block is hooked into 
a casting weighing 240 lbs. How much pull on the rope is neces- 
sary in order to raise the casting? How much rope is hauled in 
in raising it 4 ft. from floor? 

5. A 1200-lb. machine is raised by a tackle of two single-pulley 
blocks. If each block weighs 12 lbs. and a 2" hemp rope is used, 
what is the pull required to raise the machine, neglecting friction? 
What is the pull per square inch area of cross-section of the rope? 

6. If in the above problem the lower block is the movable one 
and the end of the rope is fastened to the upper block, what is 
the pull on the bolt holding the upper block in place? 

« 
67. The Differential Hoisting Block. In the differen- 
tial hoisting block the solution depends upon the determi- 
nation of the distances that the applied force and the 
weight move through. In one turn of the upper pulley, the 
power moves through 2X/22X3.1416 (the circumference of 
the large pulley). While B moves down 2X/2iX3.1416 
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(the circumference of the small pulley), A moves up 
2X722X3.1416. Since 722 is greater 
than fli, Tf moves up K2 Xfi2 X 3. 1416- 
2XfiiX3.1416) or 3.1416(«2-/2i). 

That is, while the applied pull 
(P) moves through 2X^2X3.1416, W 
moves through i(2X/22X3.1416-2X 
fiiX3.1416). 

Hence, P X 2X^2 X 3.1416 = TTX 
3.1416(^2 — i2i), which states that the 
power multiplied by the distance it 
moves through equals weight multiplied 
by the distance it moves through. 

From this equation, P or TF may 
be found when the other is known. 



p Trx(g2-ii!i) ^^ 
'^~ 2R2 



W= 



PX2XR2 
R2 — -Bi 



Example. To raise a 120-lb. casting 
30" to the work table, a differential pulley 
block having pulleys 9" and 6" in diam- 
eter is used. Neglecting the friction, how 
many pounds pull are necessary? 

Solution, From the preceding rule, 

2R2 
Tr = 1201bs.; 
72,=} =4.5; 

Ri=i=S; 

120X(4.5-3) 




Puli 



Fig. 65. 
Differential Block. 



Pull 



2X4.5 



120X1.5 



=20 lbs. pull necessary to raise weight of 120 lbs. 
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PROBLEMS INVOLVING THE USE OF THE DIFFERENTIAL 

PULLEY 



1. In a differential block with pulleys 8" and 12" in diameter, 
a pull of 38 lbs. is needed to lift a weight of 200 lbs. How much 
force is used up in overcoming friction? 

2. How many feet of rope are unwound from a differential 
block with pulleys 6" and 10" in diameter, in lifting a 240-lb. 
timber 8 ft.? If the friction is 10 per cent of the weight lifted, 
how much pull is required? What is the strain on the eye-bolt 
holding the block in place? 

3. To move a 700-lb. speed lathe 8" along the floor a differ- 
ential pulley, having pulleys 12" and 9", was fastened to a vertical 
column on a level with the bed, and the lower pulley hooked into 
the bed. If the resistance to be overcome equaled the total 
weight of the machine, how much pull was necessary to move 
the machine? What was the force acting on the column? How 

much chain was unwound in the 8" 
through which the machine was 
moved? 

4. Using a differential block with 
pulleys 12" and 8" in diameter, what 
pull is needed to raise a 150-lb. 
casting where there is a friction loss 
of 20 per cent? 

68. The Wonn and Worm 
Wheel. In the worm and wheel 
hoisting apparatus, Fig. 56, the 
principle is the same as in the 
pulley blocks. If the worm is 
single pitch, in order for the 
worm wheel to revolve once, the 
niany times as there are teeth in 



Power 




Fig. 56. 
Worm and Worm Wheel. 



as 



handle must be turned 
the wheel. 

Then for single-pitch wormSj PX2X/2X3.1416.XiVo. teeth 
in worm wheel = WX2XRiXS.UlQ. 
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That iSj 

p^ RiXW 



RXNo, teeth on worm wheeV 

or 

.^ PXRXNo. teeth on worm wheel 
^"" Ri 

With any four these items given the fifth may be found. 

Note. If the worm is double-threaded the worm wheel will 
move through a distance equal to two teeth with each turn of the 
handle; if triple-threaded it will move through a distance of 
three teeth. In either case the number of teeth would have to 
be divided by the number of threads when the above formulas 
are used. 

Example. A single worm and worm wheel arranged for hoist- 
ing purposes is operated by a crank arm 16" long. If the diam- 
eter of the drum is 12" and the worm wheel has 42 teeth, how 
much force is needed to raise a weight of 350 lbs? 

i? orce = • 

/2X number teeth in worm wheel' 

TT =350 lbs.; 

12" 

/i! = 16". 

Number teeth in worm wheel =42 

6X350 
Force ^T^Th^^i ^^s. necessary, neglecting friction losses. 

PROBLEMS INVOLVING THE USE OF WORM AND WHEEL 

1. In a worm and wheel arrangement a machine table is rotated 
about the center of the worm wheel around which the table is built. 
The worm is single pitch and is operated by a handle 5" long. 
If there are 72 teeth in the worm wheel, and the resistance may be 
taken as 176 lbs., acting 9" from the axis of rotation, how much 
force is necessary to operate the table? 
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2. A hoisting meclianistn made up of a worm and wheel is used 
in nueing a weight of 632 lbs. The diameter of the drum ia 18", 
there are 72 teeth on the worm gear, and the worm, which is 
operated by an 18" crank arm, has a %" pitch. If 50 per cent 
of the applied force is wasted in overcoming friction, what force 
at the end of the cranlc is needed to raise the weight of 632 lbs.? 

59. The Hoistiiig Winch. A winch consists of gear 
wheels used as in Fig. 57 for hoisting purposes. In this, 




Fig. 57 —Winch 



as in the machines before discussed, the ap-phed force midli^ 
■plied by the distance it moves through equals the ueigkt midti- 
plied by the distance it rnoves through 
In the winch this is expressed as: 



PX2xKX3.1416XnMm6ero/iw77ts of A to o 
S = Trx2XffiX3.1416; 



'.of 



Teeth onB .. , , . . , , „ Teeth on gear 

=~7i 7 = No. of turns of A to one of 3= ■ „ -r ^^— . 

Teeth on A Teeth on ptmon 
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That is, 



or, 



P= 



WXRiXteethonA 



or, 



W= 



R X teeth on B 
PXRXteeth on B 



RiXteeth on A 



Example. In a hoisting winch the barrel measures 12" in 
diameter and has a gear of 82 teeth. The pinion has 24 teeth 
and is operated by a handle 18" long. Assuming that there are 
no losses in the machine, what weight can be raised by applying 
a pull of 42 lbs. on the handle? 

Solution. 

« 

TTT • i-x 'J Force X radius of handle X teeth on gear 

Weight raised = — :^-r: j-z ^^-^ — . 

Radius of drum X teeth on pinion 

Force =42 lbs 

Radius of power handle = 18" 
Teeth on gear =82; 

Radius of drum = 6" ; 

Teeth on pinion =24. 

Substituting these in above formula: 

w u* . , 42X18X82 861 ._. . ,, 
Weight raised = — Trr^rj — =-7- =430.5 lbs. 

6X24 2 



PROBLEMS ON THE HOISTING WINCH 

1. To raise a 588-lb. steel casting a winch having a 21" handle 
operating a 28-tooth pinion which engages with a 98-tooth gear 
is used. The diameter of the drum is 12". How much pull is 
needed upon the handle? 

2. A hoisting crab with handle 18" long and a 10" drum has 
a 22-tooth pinion and a 124-tooth gear on the drum. The 
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machine is used to raise a 520-lb. drill press 14 ft. to the second 
floor of a shop. What pull on the handle is necessary, provided 
there is no friction loss? If there is a friction loss of 20 per cent, 
what would be the pull necessary? 

3. A 550-lb. girder is raised to position by means of a hoisting 
machine having a 14" drum with a 108-tooth gear in mesh with 
a 20-tooth pinion. The operating handle is 20" long. Neglect- 
ing the friction losses, how much pull on the handle is necessary 
to raise the girder? 

4. An anchor weighing 1000 lbs. is hoisted by means of a 
capstan which is operated by two men, each pushing at the ends 
of a 7i-ft. arm. The anchor rope winds on a drum 14" in diameter. 
What force is exerted by each man, assuming each pushes the same 
amount? 

5. Referring to the hoist in Problem 2 on page 73, what force 
acting on an 18" handle is needed in raising a lathe weighing 
1750 lbs., assuming 35 per cent is lost' in overcoming friction? 

60. The Jack Screw. The work formula of the jack 
screw is the same as that of the other simple machines:* 

PX2X/2X3.1416 = TrXpitch of screw. 

2Xi2X3.1416 = the distance the force moves in one 
turn of the handle. 

The pitch of the screw = the distance the weight moves 
in one turn of handle. 

Pitch = 
W= 



No. threads per inch' 
PX2Xi2X3.1416 



Pitch 
= No. threads perinchXPX2Xi2X3.1416; 

*A11 problems relating to jacks, hand screws, clamping screws, 
etc., are solved in the same way as those relating to pulleys, proving 
again that the resulting output of available work is equal to the 
input, provided there is no loss due to friction, etc. This may be 
expressed by the statement: 

Force applied X distance moved through = available force X distance 
it moves through. 
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No. threads per mchXPX2XRX3.1416' 

Example. A jack screw |" single pitch is used in blocking 
up a machine. If one man oprerates thia jack with a 21-ib. pull 
upon a 24" handle, how much is the upward push on the machine 
if 55 per cent of the applied force is lost in friction? 



Fio. 58.— The Jack Screw. 

Solution. In this case the upward push is the equivalent of 
the weight capable of being lifted. 

1,7 ■ 1.. ri. J pullX2XradiusofhandleX3.1416 

Weight bfted ;-— 

Pitch 

21X2X24X3.1416 



neglecting the friction. 

If 55 per cent was lost in friction, then this would be reduced 
by M, and would be 1900 lbs. 
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PROBLEMS INVOLVING USE OF JACK SCREW 

1. How many jack screws, each having §" pitch and operated 
by a bar 20" long, will be required to jack up a building weigh- 
ing 46 tons, when a pull of 35 lbs. is exerted at the end of the 
rod, and 60 per cent is assumed as the loss due to friction and other 
sources? 

2. A jack screw having 2 threads per inch is used to raise a 
^oad of 1200 lbs. a distance of IJ". If a bar extending 26" out 
from center of the screw is used, what is the necessary pull, 
allowing 56 per cent for friction? 

3. In tightening a nut on a 1" bolt, a wrench with a 9" lever- 
age is used. With a pull of 15 lbs., what is the clamping force 
of the nut, allowing 65 per cent loss for friction? 

4. With what force does a bench vise, having a J" pitch screw, 
clamp a piece of work when a pull of 14 lbs. is exerted at the end 
of a 12" handle if friction is neglected? 

61. Power. By power is meant the rate at which 
work is done. Thus a motor which lifts a weight of 1000 
lbs. 100 ft. in a minute, does 100,000 ft.-lbs. of work per 
minute. This is a measure of the power that the motor 
supplies. Power is commonly expressed in units known 
as horse-power (H.P.). A horse-power is the equivalent 
of 33,000 ft.-lbs. work done in one minute, or 550 ft.-lbs. 
per second. In measuring power the time in which the 
work is done must be considered. 

To find the equivalent horse-power, reduce the foot-pounds 
of work done in a given time to foot-pounds of work done 
per minute and divide this by 33,000. 

Example. How much work is done per minute by a pump 
which raises 450 gallons of water per minute from a well 86 ft. 
deep? What is the equivalent horse-power? 

Solution. 450X8J =3750 lbs. = weight of 450 gallons of water; 

3750X86=322,500 ft.-lbs. per minute; 

322500 ^^^„T. . 1 * 
-^^^ =9.77 H.P. equivalent. 
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PROBLEMS INVOLVING THE CALCULATION OF 

HORSE-POWER 

1. An engine pumps 310 gallons per minute from a well 28 ft- 
below the point of delivery of the water. What horse-power 
is required, assuming 8 per cent loss in piping and pumps? 

2. In planing a casting 4 ft. long, the average resistance 
offered to cutting is 582 lbs. If the planer makes 9 cutting strokes 
per minute, how much horse-power is being absorbed in the plan- 
ing operation? 

3. A pile-driver weighing 287 lbs. is dropped twice per minute 
from a height of 12 ft. How much horse-power is required to 
operate this, assuming 25 per cent loss in friction? 

4. A shaper makes 15 cutting strokes per minute over a piece 
of stock 8" long. If the average resistance to cutting is 620 
lbs., what horse-power is used? 

5. In turning up a piece of stock in a lathe, the pressure 
against the tool is 460 lbs. At a cutting speed of 28 ft. per 
minute, what horse-power is absorbed? 

6. The force exerted by the cutter in milling a casting is 420 
lbs. If the cutting speed is 40 ft. per minute, what power is 
required? How many horse-power? 

62. Horse-power of Belts and Shafting. In belting 
it is commonly assumed that a belt running at 1000 ft. 
per minute delivers 1 H.P. for each inch of width of 
belt. 

A much used value in determining the horse-power of 
a belt is 35 lbs. pull per inch for single belt, and 60 lbs. 
pull for double belt. Using this, the horse-power a belt 
may transmit is found by multiplying the width of the belt 
by the effective pull per inch, and this product by the 
velocity of the belt. This, giving the effective foot-pounds 
per minute, should be divided by 33,000 to change to 
horse-power. 

This may be worked out as follows: 

The velocity of the belt = circumference of pulley in 
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feetXR.P.M., which equals 3. 1416 X diameter of pulley 
infeetXR.P.M. 

That is, effective pull X 3. 1416 X diameter of pulley in 
feet XR.P.M. = foot-pounds work per minute. 

For a single belt, the horse-power transmitted may 
be estimated as: 

35 X width of belt in ins. X 3. 1416 X dia. pulley in ins. XR.P.M. 

12X33000 

Reduced to lowest terms the horse-power for single 
belts = . 000278 X diameter of pulley in inches XR.P.M.X 
width of belt in inches; or, .00048 X diameter of pulley 
in inches XR.P.M.X width of belt in inches for double 
belts. 

PROBLEMS 

1. An 8" single-ply belt running at 825 ft. per minute is 
capable of delivering what horse-power, provided there is no belt 
loss? 

2. What horse-power may be transmitted by a 6" double belt 
over a 24" pulley running at 135 R.P.M.? 

3. What size single belt would be used in delivering to a line 
shaft 7 H.P. from a motor having a 10" pulley running at 630 
R.P.M.? 

4. Determine the advisable size of a pulley running at 180 
R.P.M. to transmit 12 H.P. with a 5" double belt. 

63. Horse-power of Steam Engines. The horse-power 
of a steam engine may be calculated from the average 
steam pressure per square inch in the cylinder, the length 
of stroke, the number of strokes per minute, and the area 
of the piston in square inches. 

Expressed in formula, the horse-power of a steam engine 
equals: 

^PXLXAXN 
33000 
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'Where P = the average pressure of the steam per square 

inch of piston area throughout the length of 

stroke; 
L = the length of the stroke in feet; 
iV = the number of working strokes per minute (in 

single-acting engines this equals the R.P.M.; 

in double-acting engines it is 2XR.P.M.); 
A = the area of the piston in square inches. 

Example. What is the horse-power of a single-acting steam 
engine with a 16" stroke, a 9" piston, making 120 R.P.M. with 
an average steam pressure upon the piston of 40 lbs. per square 
inch? 

Calculated horse-power = :z;r—— ; 

^ 33000 ' 

Area of the piston = .7854 X 9 X 9 = 63.62 sq.ins. ; 

Length of stroke in feet = if = 1 J ft.; 

Working strokes = 120 per minute; 

„p _ 40X4X63^62X120 _ 

3X33000 "^'^•^- 

Note. If the efficiency of the machine is concerned, the 
actual horse-power developed is always more than the delivered 
horse-power. This difference is due to friction losses of various 
kinds that enter into the working of the machine. 

PROBLEMS INVOLVING HORSE-POWER CALCULATIONS 

1. A double-acting engine runs at 130 R.P.M. under an average 
steam pressure of 55 lbs. per square inch upon the piston. What 
is the horse-power developed if the stroke is 24", the piston 
measm-es 18" in diameter and the piston rod is If" in diameter? 

2. A single-acting Westinghouse engine running at 298 R.P.M. 
shows an average steam pressure upon the piston of 42 lbs. per 
square inch. The diameter of the piston measures 12", and the 
length of the stroke is 12". What horse-power is developed? 

3. An Otto gas engine having one working stroke in every 
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eight strokes has an average pressure upon the piston of 91.8 
lbs. per square inch, running at 230 R.P.M. If the piston meas- 
ures Hi" in diameter and the stroke is 18", how many horse- 
power are being developed? If the engine is single-acting and is 
rated at 36 H.P., what per cent of this is being developed? 

4. A double-acting steam engine running at 96 R.P.M. has a 
28" stroke and an 18" piston with 2" piston rod. With an 
average pressure of 72 lbs. upon the piston, how many horse-power 
would be developed? 

5. A gas engine running at 275 R.P.M. has a 15" stroke and a 
piston 10" in diameter. How many horse-power are developed 
when the average pressure in the cylinder is 68 lbs. per square 
inch and an explosion occurs every 6 revolutions? 



CHAPTER VI 
FORCES 

64. Representation of a Force by Lines. To describe 
a force it is necessary to know its magnitude, direction 
and point of application. 

All three of these may be represented by a straight line; 
the length of the line, drawn to scale, representing the mag- 
nitude of the force, one end of the line the point of appli- 
cation, and an arrow head showing the direction. 

In Fig. 59 are represented two forces, one of 25 lbs., 





60 Ibe. pull 



Fig. 59. — ^Two Forces Applied to a Casting. 

the other of 50 lbs., pulling towards the right on a casting, 
at its upper right-hand corner. The lines representing the 
magnitude of the forces are laid off to a convenient scale, 
a certain part of an inch representing a given number of 
pounds pull. The 50-lb. pull line is thus twice as long 
as the 25-lb. Une. 

66. Reaction. If two equal and opposite forces in the 
same straight line are applied to a bar, the piece will remain 
at rest. If the piece is fastened at one end and subjected 
to a pull and still remains at rest, there must be an equal 

81 
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and opposite force acting. The same is true if weights be 
laid upon a support; if the support remains at rest under 
the pressure, there must be reacting, equal and opposite 
forces to resist the downward pressure. 

A force cannot act alone when a body is at rest, for 
there must always be an equal and opposite force to pro- 
duce the equilibrium. This opposite force is called a react- 
ing force, or the reaction. 

Where several forces are acting, if the sum of the forces 




Fig. 60. — The Parallelogram of Forces. 



in one direction are not equal to the sum of all the forces 
in the opposite direction, the body will move in the direc- 
tion of the greater sum with a force equal to the difference 
between the sums. This is well illustrated in the game 
called a " tug of war." 

66. Parallelogram of Forces. When two forces act at 
a point but not in a straight line, a single force may be found 
whose magnitude, direction and point of application will 
produce the same result as the combination of forces of 
which it is the equivalent. Such a single force is known 
as the resultant. 
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These forces are combined as in Fig. 60, the principle 
being known as the parallelogram of forces. 

Example. A force of 16 lbs. and a force of 10 lbs. act along 
two links jointed at one end, but spread apart by an angle of 60°, 
as shown in Fig. 60. What is the magnitude and direction of the 
resultant force? 

Solution, Let }" represent each pound of force, and lay off 
from the same point force lines according to the conditions in the 
problem. One force of 10 lbs. is represented by a line 2J" long, 
the other force, 16 lbs. acting at 60° from it, is represented by a 
Une 4" long. 

Complete the parallelogram by drawing a line from the end of 
each force parallel to the other force. A line drawn from their 
intersection to the point of appUcation of the original force lines 
represents the resultant of the combination. This resultant 
acts in the direction indicated, and, when scaled for its magni- 
tude, is found to equal about 5}i", which, according to the scale 
chosen, equals 22J lbs. 

67. Resultant of More than Two Forces. By means of 
the parallelogram of forces, the resultant of any number 
of forces acting in the same plane and at one point may be 
found as follows : Lay off any two forces acting at the proper 
angle to a convenient scale and determine their resultant. 
Combine the resultant of these two with a third force, 
which is in turn laid off to the same scale in its proper mag- 
nitude and direction, then combine the resultant of these 
with a fourth- force, and so on, each resultant being combined 
with a remaining force until all have been combined. The 
final resultant is the resultant of all the forces acting. This 
may be scaled for its magnitude as before. 

Example. If the forces in a set of movable links act as 
shown in Fig. 61, what is the direction and amount of the result- 
ant? 

Solution by the parallelogram method. From point " " lay 
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off the three forces acting in the direction as indicated in the 
drawing of the links, using a scale of 1" to 10 lbs. 




Fig. 61. — Forces in a Set of Movable Links. 




'Resultant equals final resultant cf the 
three original forces actiu^ in the 
direction indicated, ■» 21.3 lbs. 



Fig. 62. 

According to the parallelogram method, the resultant of forces 
1 and 2, when scaled with a rule graduated to lOOths, measures 
37.8 lbs., and acts in the direction indicated in Fig. 62. By com- 
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bining this force of 37.8 lbs. with force 3, a resultant of 21.3 is 
obtained, acting in the direction indicated. This last force of 
21.3 lbs. is the final resultant force of the three original forces 
52.5, 30, and 47.5, acting in the different members as indicated. 

By using a protractor, the angles at which these resultant 
forces act may also be noted. 

EXAMPLES TO BE SOLVED BY THE PARALLELOGRAM 

METHOD. 

1. Three tie rods are fastened to a web plate at angles of 45° 
and 60° apart from left to right, the left rod exerting a pull of 



250 Ibe. 



{ 




Fig. 63. — ^Four Forces Acting at a Point. 



200 lbs., the right one 150 lbs., the middle rod a pull of 160 lbs. 
Draw the force diagram, and scale for the value of the resultant, 
indicating its direction. 

2. In hauling a 425-lb. machine which has been placed upon 
a skid with three ropes, the ropes on each side are at 15° with the 
center rope. The middle boy pulls with a force of 42 lbs., the 
boy to his left with a force of 30 lbs., and the one to his right 
with a force of 56 lbs. Draw the diagram, and find the direction 
and value of the resultant pull. 
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3. In Fig. 63, the rods hinge about a bolt pin and are acted 
upon by the forces as indicated. Determine by graphical method 
the amount and direction of the resultant force. 

4. A simple roof truss has its members 120° apart, the right 
one carries a thrust of 1200 lbs., the left a thrust of 900 lbs. Show 
by diagram the direction and magnitude of the resultant. 

5. Show by diagram the reactions at the supports of the truss 
in Problem 4. 

6. Two men in pulling a casting along the shop floor by means 
of two ropes, pull, one in a southwest direction with 30 lbs. force, 
the other toward the west with a force of 25 lbs. Draw the 
diagram showing the direction and amount of the combined pulls. 
How much pull is each man exerting in the direction of the 
resultant? 

68. Triangle of Forces. While cases of forces acting 
at a point can be solved graphically by the parallelogram 
method, it is sometimes more convenient to solve certain 
types of problems by what is known as the triangle of 
forces. This method is most clearly applied where one 
known force is acting and it is desired to find the effect of 
this force upon the resisting members. 

Such a solution is readily used in problems relating to 
hoisting derricks, wall cranes, toggle joints, weights sup- 
ported by ropes, or links, that are at an angle with each 
other. 

Example. In the wall crane shown in Fig. 64 (a) a 100-lb. 
weight is suspended at C. Find the stress in each member of the 
crane. 

Solution. Lay off to some convenient scale, say J" for each 10 
lbs., a vertical line, as in Fig. 64 (6), representing the vertical 
acting force of 100 lbs. This line will measure, according to the scale 
chosen, IJ". Indicate the direction of its action by an arrow line 
pointing downward, and label the line XY. From one end of this 
line draw a hne in a direction parallel to that of the sloping mem- 
ber AC. From the other end of the vertical line draw a line 
parallel to the horizontal direction of member BC» These lines 
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will intersect at the point Z. Scale XZ for its value. The line 
XZ is found to measure 2J" or 20 eighths. Since each eighth 
is the equivalent of 10 lbs., XZ represents 200 lbs., the stress act- 
ing in the member AC. Scaling FZ, it is found to equal about 
2J" or 17 eighths. This is the equivalent of 170 lbs, and is the 
stress in the horizontal member BC, 



m 

s 




Fig. 64a.— Wall Crane. 




no lbs. 



Fig. 646. — Graphical Solution for Forces in a Wall Crane. 

Besides giving the value of the forces acting in each 
member, this method may be used to determine the direc- 
tion of the acting forces. This is accomplished by drawing 
arrow lines around the triangle, the direction of the arrow 
being obtained from the known direction of the acting 
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force. The direction of the forces should form a complete 
circuit. 

From the direction of the acting forces it is seen that 
the' resisting force of 200 lbs. in the member AC is a ten- 
sile stress, and the resisting force of 170 lbs. in the member 
BC is a compressive stress. 

Note. The above problem may also be worked out by the 
parallelogram method by considering 100 lbs. as the resultant of 
two forces acting in the direction CA and BC. The parallelo- 
gram should be drawn, using the line representing 100 lbs. as the 
diagonal, and completing the parallelogram upon this diagonal. 
By scaling the sides, the results will check with the above solu- 
tion. 

PROBLEMS TO BE SOLVED GRAPHICALLY BY THE 

TRIANGLE METHOD 

1. A machine weighing 840 lbs. is supported by two pulley 
blocks, the angle between the Unes of pull in the two blocks is 
60°. Find by diagram the pull on each block. 

2. A thrust of 90 lbs. is exerted vertically downward upon a 
toggle joint whose links act at 30° with the horizontal upon a block 
which slides horizontally. Draw the force diagram and find the 
direct push upon the block. 

3. In pulling a load over a horizontal surface the direction of 
the pull of 72 lbs. is at an angle of 20° to the surface. Show by 
diagram the equivalent direct forward pull. 

4. A casting weighing 480 lbs. is lifted by two tackle blocks, 
the ropes slanting 20° and 15° from the vertical. What is the ten- 
sion in each rope? 

5. To raise a machine weighing 220 lbs. two ropes are attached, 
one pulling upward at 30° from the vertical, the other at 15° 
from the vertical. Draw the diagram showing the pull on each 
rope. How much pull does each rope exert in a vertical direction? 

69. Moment of Force. The moment of a force acting 
on a body is its tendency to turn the body about some 
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fixed point as an axis. The value of the moment of a given 
force with respect to a given axis is equal to the product 
of the force by the perpendicular distance from the fixed 
point about which turning occurs to the action line of the 
force. For example, if a 160-lb. man stood at one end of 
an 8-ft. plank which was supported only at the other end, 
there would be a tendency for the weight to move down- 




so ibs. 



Fig. 65a. — Positive Moment. 




Fig. 656. — Negative Moment. 



ward, using the fixed point as the center about which the 
board would move. The equivalent of the turning moment 
would be 8X160, or 1280 Ib.-ft. 

If the force has a tendency to turn the body in a right- 
handed direction, the moment is referred to as a positive 
momeniy and is indicated by the plus sign before the prod- 
uct representing the value of the moment. If the turn- 
ing is left-handed, the moment is negative, and is repre- 
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sented by the minus sign before the number representing 
the product. 

Fig. 65 (a) represents a case of a positive moment of 
the force of 30 lbs. about the pin B. 6X30= +180 Ib.-ft. 
turning moment. The + sign before the product indicates 
that the turning is right-handed. 

Fig. 65 (6) represents a negative moment of the force 
30 lbs. with respect to an axis at B. 6X30=— 180 Ib.-ft. 
turning moment. The negative sign indicates that the 
rotation is left-handed. 

If the plus moments equal the negative moments, there 
will be no tendency to turn at the fixed point, and the 
piece will be in equilibrium. 



^1 




25 lbs. 



lOllM. 



Fia. 66. — Moments Equal About the Axis B. 

For two moments to be equal and opposite it is not 
necessary that the acting forces be equal. So long as the 
products of the force and perpendicular distance are equal, 
the moments are equal. 

Taking moments about the pivot of the rod shown in 
Fig. 66, and neglecting its weight, it is found that the plus 
moment, 5X10, or 50, equals the minus moment of 2X25. 
In this case the forces acting are unequal yet the moments 
are equal. Because of this the bar is at rest. 

If the weight on the right end be made heavier that 
end of the bar will drop, since the moments will not be 
equal and the bar will not be in equiUbrium. If the weight 
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on the left end be increased that end will drop, and the same 
conditions would be true. 

If the sum of the moments of all the forces acting about 
a given point is equal to zero, the body is in equilibrium and 
there is no tendency to rotate.. 

To prove this true, drive a nail through a board fasten- 
ing it to a vertical surface. In several places attach to the 
board known weights; these may be pieces of lead which 
can be nailed on. Spin the board around the nail allow- 
ing it to find its own equilibrium. 

Knowing the weights attached to the board, find the 
moment of each about the nail, including the moment of 
the weight of the board itself. When the board is in 
equilibrium it will be found that the positive moments 
equal the negative moments. 

This may be repeated by placing the pivoting nail in 
a different position and finding the moments as before. 

PROBLEMS 

1. A beam projecting 6 ft. from the wall has fastened at its 
end a pulley used for hoisting. What is the turning moment 
at the point where the beam joins the wall due to hoisting a load 
of 123 lbs.? 

2. A crow bar 4 ft. long is used to jack up a weight by sliding 
a block in at the bottom and bearing down on the bar. When 
the block is J ft. from the end, a man bears down with a force of 
155 lbs. What is the turning moment? 

3. A foot lever extending out 21 ft. from the pivot, is pressed 
upon with a force of 32 lbs. What is the turning effort? 

4. A cam acts on a punch rod with a force of 285 lbs. If 
the cam bears on the rod at a point 3J ft. from its pivot, what is 
the resulting turning effort? 

70. Beams. Beam problems are solved by making 
use of the principle of moments. The following problem 
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will illustrate the method of solving the more simple prob- 
lems in beams, especially those dealing with the reaction 
at the supports: 

Let a beam 10 ft. long* be supported at each end and have 
a 50-lb. force acting vertically downward 4 ft. from the 
right end, as in Fig. 67. So long as the beam is in equilib- 
rium, the sum of the supporting forces must not be less 
than, nor greater than, the downward forces due to the load. 
Also the sum of the moments about any point must be 



-lO-fts- 



i 50|b«. \ 
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Fig. 67. — Loaded Beam. 



equal to zero. That is, the sum of the negative moments 
must be equal to the sum of the positive moments. 

Neglecting the weight of the beam and taking moments 
about the right end, calling the left supporting force Fi 
and the right supporting force F2, we have that, 

4X50 = negative moment, because the 50 lbs. act down- 
ward; 
10 XFi = positive moment, the reacting force Fi acting 
upward. 

As the beam is in equilibrium, these must be equal. 
That is, 10XFi=4X50, making Fi equal 20 lbs. This 
* The length of a beam is considered as the distance between its supports. 
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equals the reaction at the left-end support, or the force 
necessary to support the left end of the beam. 

To find the force necessary at the right-end support, 
take moments about the left end. Thus: 

50X6 = 10X7^2. 

This gives ^2 = 30 lbs., which is the reacting force at the 
right end necessary to support the beam. 

In all cases the sum of the vertical downward forces 
must equal the sum of the vertical upward forces, other- 
wise there would not be equilibrium. Hence, as a check 
on the above solution, F1+F2 should equal the sum of the 
acting downward forces. That is, 30-1-20 = 50. 

The solution may also be proven by taking moments 
about any point in the beam between the supports, being 
careful to consider all forces and to note whether the 
moments are positive or negative. 

From the above we may state the following general 
rule : When a beam is in equilibrium, the sum of the down- 
ward forces must equal the sum of the upward forces, and the 
sum of the moments about any point within the beam must 
equal zero. 

PROBLEMS 

1. A machine weighing 550 lbs. is placed upon a 12-ft. beam 
3 ft. from the right end. Find the reaction of the supports at each 
end of beam, due to this weight. 

2. A steel shaft rests on two bearings 6 ft. apart and carries 
a pulley weighing 120 lbs. 3i ft. from one of the bearings. What 
is the pressure on each bearing caused by the pulley? 

3. A wrought-iron girder 20 ft. long has a load of 1000 lbs. 
located 3 ft. from the right end, a 700 lb. machine 8 ft. from that, 
and a 1100-lb. machine 5 ft. from that. Find the reactions at the 
supports as a result of this loading. 
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4. A traveling crane weighing 2800 lbs. has a span of 25 ft. 
What is the pressure upon the supports at each end? The crane 
lifts a 900-lb. machine 10 ft. from the right end. Find the added 
pressure on each end support. 

5. A piece of shafting 8 ft. long weighs 82 lbs. and has a 40-lb. 
pulley 6 ft. from one end. It is lifted by two men, one at each 
end. What is the weight carried by each? 

6. Two men carry a 12-ft. channel beam weighing 10 lbs. 
per foot. One man is at each end. How much weight is carried 
by each man? 

7. Two hangers 12 ft. apart carry shafting weighing 18 lbs. 
per foot. A 45-lb. pulley is 4 feet from the right end and a 25-lb. 
pulley 2 ft. from the other end. What weight is carried by each 
hanger? 

8. A bar 10 ft. long is used by 2 men in carrying a load of 160 
lbs. If the bar weighs 32 lbs. and the load is placed 4 ft. from 
one end, how much of the load is each man carrying? 

9. A beam 18 ft. long carries a 600-lb. load due to a weight 
placed 10 ft. from the left-end support. What is the pressure on 
each support due to the load? 

71. Center of Acting Forces. A series of parallel 
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forces in the same direction may be represented by a single 
force. The moment of this force about any axiB must be 
equal to the sum of the moments of all the other forces. 
The position of the force from a given point is found by divid- 
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ing the sum of the moments taken about this point by the 
sum of the acting forces. 

This point at which the equivalent force acts is called 
the center of action of the forces. The effect produced 
by this one force at this point is the same as that of all the 
other forces acting in their respective positions. 

As an illustration, assume that on the 10-ft. bar shown 
in Fig. 68, a force of 25 lbs. acts 3 ft. from the left end, one 
of 15 lbs. at 4 ft. from the left end, and one of 20 lbs. acts 
at 4 ft. from the right end. Where is the center of the 
acting forces and what is the value of the equivalent force 
acting at this point? 

The weights act downward, therefore the supporting 
forces act upward. The reaction at the right-end support 
is found by taking moments about the left support, as 
explained in the first example on beams. 

10Fi = (3X25) + (4Xl5) + (6X20) 
= 225, 
or, Fi = 25.5 lbs. 

The reaction at the left support is found by taking 
moments about the right support as above, placing the posi- 
tive moments equal to the negative moments, for these 
must be equal if the beam is in equilibrium. 

10F2 = (20X4) + (6X15) + (7X25) 
= 345, 
or, F2 = 34.5. 

According to the rule, F1+F2 should equal the sum 
of the downward forces. 
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34.5+25.5 = 60 lbs. = sum of supporting forces; 
25+15+20 = 60 lba.=sum of acting downward forces. 

Note. Check for Fi and Ft may be made by taking moments 
at other points and proceeding as above. 

Rule. To find the location of the center of action of a 
set of parallel forces, take moments of these forces about either 
support and divide their sum by the sum of the acting forces. 
The result is the distance the center of the acting forces lies 
from the point about which the moments were taken. 

Taking moments about the right end of the beam 
under consideration, we have: 

20X4 = 80 
15X6=90 
25X7 = 175 



345= sum of moments about right end. 

The sum of the acting downward forces = 20+ 15+25 = 60 
lbs. 

By dividing the sum of the moments by the sum of the 

forces, according to the above rule, we have -t^tt = 5.75 ft. to 

60 

left of right-end support, as the location of the center of 

action of the forces. 

That is, a force of 60 lbs. placed 5f ft. from right end 
will produce the same downward pressure upon the supports 
as the three forces acting in their respective positions. 
This last result may be proven as follows: 
With 60 lbs. acting 5f ft. from the right end, take 
moments at each end to find if the supporting forces are 
the same as before. 
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5fX60 = 10F2; 
345 = 10/^2; 

7^2 = 34.5 = correct left-supporting force; 
10F = 60X4i; 
10F = 255; 
F = 25.5 = correct right-supporting force. 

This shows that the supporting forces are identical 
with those in the first case, which proves that a force of 
60 lbs. 5f ft. from the left end produces the same effect 
as the several forces in their respective positions. Further, 
the sum of the moments about any point in the bar should 
equal zero so long as the bar is in equilibrium. This may 
be proven by selecting the point about which to take mo- 
ments and adding the moments, being careful to have the 
signs correct. 



PROBLEMS ON THE CENTER OF ACTION OF PARALLEL 

FORCES 

1. A 6-ft. rod has weights of 8 and 10 lbs. at each end and a 
4-lb. weight in the middle. Find by calculation the point at which 
the rod will balance. Test a rod as above to find the balancing 
point. 

2. A 16-ft. shaft supported at each end has 2 pulleys of 50 
lbs. and 40 lbs. each, 4 ft. from either end, and a 130-lb. pulley 
6 ft. from the right-end pulley. Neglecting the weight of the shaft, 
where is the point to place a hanger so that it is in the center of 
the acting weights? 

3. A 20-ft. beam has two loads, one of 1200 lbs. 8 ft. from 
the right end, and the other of 1000 lbs. 6 ft. from the left end. 
Where would be the most advisable place to locate a supporting 
post, if the only supports were those upon which the ends of the 
beam rested? 
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72. Center of Gravity of Solids. The center of gravity 
of a body is that point within the body at which all of its 
weight seems to be concentrated. 

The approximate center of gravity of disks and flat 
pieces may be found by suspending them by a piece of cord 
from three or four positions and tracing on the disk or flat 
piece a line representing the direction of the cord. The 
point of intersection of the several lines is the center of 
gravity of the surface. 

This suspension of a weight by a cord illustrates also 
the fact that a body will not remain at rest unless the center 
of gravity of the weight lies within the line of support. 
This accounts for the swaying from side to side and the 
gradual settling in one spot. This can also be proven by 
taking moments. If the moments do not equal zero, the 
body will not be at rest. 

The center of gravity of a regular body is readily found 
by inspection. In cubical and rectangular bodies, the center 
of gravity lies where the diagonals cross each other; in 
cylindrical bodies it is located on the axis midway between 
the ends; in spherical solids it is at the center; in triangles 
it lies one third of the way up on the line that runs from 
the center of the base to the top; in pyramids and cones 
it lies one quarter of the way up on the line running from 
the center of the base to the apex. 



CHAPTER VII 
STRESS AND STRAIN 

73. Stress. If a force of 750 lbs. be exerted upoi 
one end of a 2" square bar in the direction of its length, 
and the bar remains at rest, there must be acting upon it 
in order to produce equilibrium an equal force in an oppo- 
site direction. This force exerts upon any section of the 
bar at right angles to it an internal force known as a 
stress. 

Commonly speaking, a stress is an internal force acting 
over a unit of area, and is found by dividing the external 
force acting, by the area at right angles to it and over 
which it acts. 

If in the case above, the acting force is a pull, the bar 
is in tension. The resulting stress is called a tensile stress, 
and is usually referred to as the tensile stress per square 
inch. 

If the acting force is a push, the bar is in compression. 
This stress is a compressive stress^ and is referred to as the 
compressive stress per square inch. 

These are also conditions which effect the proper fram- 
ing of roof trusses. Because of weights due to snow and 
wind loads, and the weight of a certain area of roof, together 
with any extra loads, the roof truss is so framed that its 
web members are placed in positions to withstand such loads 
to best advantage. As a result the forces act in the direc- 
tion of the length of the members, producmg either tension 

99 
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or compression. To this kind of a stress the truss offers 
greatest resistance. 

Tie rods, tie beams, chains and cables, and such, are 
usually in tension, while columns or struts are usually 
in compression. 

74. Strain. Besides being subjected to a stress, the 
2"- bar mentioned above undergoes a slight change in its 
length. The effect of such change may be more clearly 
seen by suspending a strip of rubber, and, after measuring 
off two points that are 10" apart, attaching a weight at the 
lower end of the strip. It will be observed that there is 
a change in the distance between the points. This change 
in 10" is called the elongation. The change per unit of 
lengthy or the change per inch in this case, is found by 
dividing the elongation by 10. This change of length per 
unit of length between the points where the measure- 
ments were taken is called the strain. 

If the piece is in tension, the change will be an elonga- 
tion and the strain is a tensile strain. If in compression 
the change is a reduction in length and the strain is a 
compressive strain. 

76. Elongation of a Copper Wire under Tension. To 
understand more clearly what is taking place in a piece 
subjected to the action of external forces, arrange a simple 
tension machine as in Fig. 69 and fasten a piece of 
No. 18 copper wire to a hook, indicating carefully on 
the wire two points that are 10" apart. After attaching 
weights to a scale-pan fastened on the lower end of the 
wire, keep note of the elongation and loads, and arrange them 
according to the following suggestions on a chart of plot- 
ting paper, as on the accompanying plot, Fig. 70, which 
shows the action of a piece of copper wire under similar 
conditions. 
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To arrange the points which represent the elongations 
and loads on the copper wire so as to determine the path 
of the curve which shows its action under these loads, use 
a plotting paper that is ruled up into tenths. Select in 
the lower left comer of the sheet, a point where a heavy 
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F-G. 69. — ^Apparatus for Measuring the Elongation of a Wire. 



blue horizontal line crosses a heavy blue vertical line, and 
label this point " 0.'' Using two of the smallest hori- 
zontal divisions to represent an elongation of ^V", space 
off to the right of the '^ '' mark the number of divisions 
which represent the amount of the first elongation. Using 
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two of the smallest vertical divisions to represent each 
pound of applied load, space off directly above the point 
which represents the first elongation, the amount of the 
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Fig. 70. — Curve Showing Elongation of a Copper Wire. 

load which gave this elongation. To locate the second 
point for the plot, space off on a horizontal line directly- 
opposite the point which represents the second load, the 
number of divisions which represent the second elongation. 
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And so with each elongation, its proper position is deter- 
mined by spacing oflf its amount directly opposite the 
division which represents the load for that amount. 

It will be observed that as the load is increased there is 
a corresponding increase in the length of the wire, and that 
its length increases at a certain rate as the load increases. 
The result of this part of the plot is a straight line. This 
shows that as the stress increases there is a corresponding 
increase in the strain, and the stress continues to bear the 
same relation to the strain up to a certain point when it 
is noticed that as the load is applied, there is a marked 
increase in the length of the wire which continues to stretch 
more and more as the load is applied. The resulting curve 
at this point drops off and the stress and strain no longer 
continue the same relation as before, the strain becoming 
greater for slight increases in the load. This point is 
known as the elastic limit. 

If the load were taken off at the elastic limit, or better, 
just before it was reached, the wire would tend to return 
to its original length. Beyond the elastic limit the piece 
will not retain its shape nor return to its original length, 
as it has become over-strained and a permanent set has 
taken place. 

The stretch continues to increase very rapidly until a 
point is reached where the stretch takes place without 
applying any extra load. This is known as the yield pointj 
and indicates that the piece is about to break. 

By drawing a continuous line through the plotted points 
on the plotting paper, a resulting curve is given which 
shows the behavior of the wire under the acting loads. 

76. Modulus of Elasticity. The relation of the stress 
to the strain up to the elastic limit is called the modulus 
of elasticity, and is found by dividing the stress by the 
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strain. This relation is a very important one in deter- 
mining the strength of materials. 

77. Ultimate Strength. The load per square inch at 
which the wire breaks is called the ultimate strength of the 
wire. The load per square inch is found by dividing the 
total load on the piece by the original area of the wire. 

78. Factor of Safety. As a piece of metal could never 
be subjected to such a loading in practice, a certain fraction 
of the breaking load is used as the greatest allowable load. 
The ultimate strength divided by the actual stress gives 
the factor of safety. The value of this factor depends 
upon the material and the conditions governing the load- 
ing, also the use to which the piece is put after loading. 

It is of great value in designing parts that are sub- 
jected to stress and strains to know the value of the factor 
of safety and how to use it. If the piece be subjected to 
much wear and tear as are some parts of machines, as in 
automatic machinery, the factor must be high. Such parts 
are usually in hard use and in some cases the stress and 
strain are considerable, and so the parts must be designed 
and built heavy enough to withstand the continual shocks. 
A high factor in such cases allows a fair loading and puts 
the member on the safe side. 

Factors of safety must not be considered as absolute, 
as they are dependent upon the quality of the material and 
the use to which it is put. The following are results from 
common practice. Steel, cast iron, and wrought iron sub- 
jected to considerable usage, as in machinery, have a factor 
of 10 to 14. Much uncertainty is introduced here due to 
the fact that castings are brittle and cannot withstand 
shocks and jars to which they may be subjected. 

The factors commonly recommended for mill work are 
3 for a dead load, and 6 for a live load or a moving load. 
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If it is desired to find the working strength of a 
piece, divide the breaking strength by the factor of 
safety. 

PROBLEMS 

1. If the tensile strength of cast iron is 12,000 lbs. per square 
inch and a factor of safety of 9 is used because of the usage to which 
the piece is put, what is the working strength in pounds per square 
inch? 

2. A steel rod showing a shearing strength of 42,000 lbs. per 
square inch has a factor of safety of 12. As the rod fails first 
under shear, what is the allowable working load under such con- 
ditions? 

3. In a line of shafting the lowest breaking strength is shown 
as 45,000 lbs. shear. If the factor used is 8, what would be the 
safe working strength? 

4. A rod 1" diameter breaks under a pull of 100,000 lbs. 
Compute the ultimate strength of the material. If a factor of 
safety of 4 is used, what is the safe workuig load in pounds per 
square inch? 

79. Repeated Stress. Practice shows that a load which 
would not break a piece of material when first applied, 
would, after applied a great many times, completely rupture 
the piece. Parts that can stand a heavy load will break 
when repreatedly subjected to a lighter load. This is more 
noticeable, especially when the stress is changed repeatedly 
from compression to tension. 

This continual complete change causes a fatigue in the 
material and it eventually gives way to the acting force. 
Results of such repeated stresses are noticed in bending 
a piece of tin or brass or such material, back and forth 
until it gives out. The same is true, but in a lesser degree, 
in locomotive axles, shafting (especially in shafting that is 
out of line), structural members, etc. 
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80. Shearing Stress. Shear is produced in a piece of 
metal or timber when it tends to break by the material 
on one side of a section sliding past that on the other 
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Fig. 71. — Shearing Action of a Planer Tool. 

side, just as the blades of a pair of shears move with 
respect to each other. 

Such action occurs during the cutting action in shear 
machines, punching machines, slotting machines, planers, 
lathes, etc. 

The section along which the break occurs is subjected 
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Fig. 72. — Shearing Action of a Punch. 

to a shearing stresSy the intensity of which is found, as in a 
direct stress, by dividing the force by the area over which 
it acts. If the shear is distributed over two sections, as 
in a pin in a knuckle joint, these two surfaces must be 
considered, and the intensity is found by dividing the acting 
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force by the sum of these two areas over which the force 
acts. In this case the pin is said to be in double shear. 

All forces that are not in the direct line of the axis of 
the member on which they are applied, produce a shearing 
effect upon the piece. This is true in nearly all structural 
work, beam bending, link motions, cutting tools, pulleys, 
keys in shafting, flywheels and revolving bodies, and pieces 
that are at any time subjected to a load which is off center 
or eccentric. 

81. Riveted Joints. Rivets are used to fasten two or 
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more plates together. The pieces slightly overlap and are 
then riveted. When one row is used it is called a single- 
riveted joint (Fig. 73), where two are used it is a double- 
riveted joint (Fig. 74). 

The holes should be centered exactly, and are either 
punched out or drilled. Punched holes are not so good 
as drilled ones as the shearing effect of the punch injures 
the edges of the hole and so ^weakens the joint. For this 
reason the better grade of riveted joints are those in which 
the rivet holes are drilled. Such drilling is best done by 
fastening the plates in position and drilling both together. 

The shearing strength of plates, or the greatest shear 
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that a plate can resist, depends upon the material and its 
thickness. The force required to shear a punched hole 
in thin plate is found by multiplying the value of the shear- 
ing strength by the area under shear, the area under shear 
being equal to the circumference of the hole multiplied 
by the thickness of the metal. 

PROBLEMS ON STRENGTH OF MATERIALS 

1. If the shearing strength of a mild steel key used in keying 
a pulley to a shaft is 42,000 lbs. per square inch, what would be the 
total force necessary to shear off a key J" square and 6" long? 

2. A steel pin used in a toggle joint is in double shear. The 
shearing strength shows 45,000 lbs. per square inch. If a factor 
of 9 is used, what may be the greatest working pressure bearing 
upon the joint if the pin measures J sq.in. in cross-section? 

3. A plate riveted between two angle irons by 8 half-inch 
rivets is subjected to a total pull of 6000 lbs. Are the rivets 
in single or double shear? What is the shearing stress per square 
inch on each rivet? 

4. What force will be required to punch a f" hole through 
a A" plate if 12 tons is its shearing strength per square inch? 

6. In a piece of steel J" thick, what will be the force required 
to punch out a f " hole when steel offers a resistance of 50,000 lbs. 
per square inch? What is the corresponding pressure upon the 
punch? 

6. In punching out wrought-iron washers J" thick, IJ" in 
diameter, what is the required force if the resistance to shear 
offered by the wrought iron is 20,000? If a |" hole is punched 
through center, what will be the force required for that? What 
is the corresponding compression stress upon the punch? 

7. A gate shears is operated to cut a steel bar IJ" square. 
The resistance to shear is 55,000 lbs. per square inch. What 
is the force required? If the filade moves through the bar four- 
fifths of the thickness before the bar breaks, how many horse- 
power are necessary to operate the machine if 12 cutting strokes 
p3r minute is its greatest capacity? 

8. A punch drives holes through a wrought iron disc .250 
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in thickness. The force needed to shear the hole is 20,000 lbs. 
How much work is being done in the operation? If 20 holes are 
punched per minute, what is the required horse-power? 
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9. A machine punching T-slots in high-grade steel plate i" 
thick makes 10 cutting strokes per minute. The shearing resist- 
ance offered by the metal is 65,000 lbs. per square inch. Find 
the force necessary for one operation. What is the horse-power 
required? 



CHAPTER VIII 

ANGLE MEASUREMENTS 

In working out problems that bring into use triangular 
measurements the following facts and definitions will be 
found most helpful. 

82. Stun of the Angles of a Triangle. It should be 
remembered that the sum of the angles of a triangle always 
equals 180°. When any two angles are known, the third 
angle of the triangle may be found by subtracting from 
180° the sum of the other two angles. 

For example, if the two known angles of a triangle are 
42° and 70°, then the other is the diflFerence between 180° 
and (42°+70°) or 68°. 

In a right-angle triangle there is always one right angle 
or 90° angle. So when one angle of a right triangle is 
known, the other is found by subtracting from 90° the num- 
ber of degrees in the known angle. 

83. Relations between the Sides of a Right Triangle. 
The sides of a right-angle triangle may be referred to in 
connection with a certain angle as: 

1. The side opposite j meaning that side opposite the 

angle. 

2. The side adjacent^ meaning that side which is per- 

pendicular to the side opposite and forming one 
side of the angle. 

3. The hypotenuse, referring to the longest side of the 

triangle. 
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For any given right triangle the lengths of these sides 
bear fixed relationships to each other. And for all similar 
right-angle triangles, that is, triangles having the same 
angles in the same relative positions, the relations of these 
sides to each other are the same. The more common 
of these relationships of sides, or as they are more usually 
ceiled f functions of angles, are as follows: 

(a) Sine (written Sin). The sine of an angle is the 
relation of the side opposite that angle to the hypotenuse. 




Adjacect Side 

Fig. 77.— The Sides of a Right Triangle. 



It is found by dividing the side opposite by the hjrpot- 
enuse, that is. 



sme 



. , side opposite 

of an angle = -r r^ . 

hypotenuse 



The angle whose sine is equal to this value may be found 
by referring to a table of sines. 

Example. In a right triangle the sine of an angle equals 
.7660; it is desired to find the number of degrees in the angles. 
By referring to the table of sines it is seen that the angle whose 
sine is .7660 is 50°. The other angle would be the difference 
between this and 90° or 40°. 

In a 30° angle the sine equals .5000; in a 45° angle the 
sine equals .7071; in a 60° angle the sine equals .8660. 
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This relation may be used also to find either the 
hypotenuse or the opposite side when either one and the 
angle are given. 

To find the hypotenuse of a right-angle triangle^ divide 
the side opposite by the sine of the angle. 

TT . side opposite 

Hypotenuse = -; ^ — 7- . 

sine of angle 

Example. A right angle " V -" is planed in a casting such 
that the sloping sides of the cut each measure li". What is the 
distance across the top of this cut? 
Solvtion. Distance across top of cut = 

hypotenuse = -^ — ^ = -^ = 1 .768". 
^^ sme45° .707 

PROBLEMS 

1. The angle between the vertical and the slope of a roof 
is 60°. If the vertical height is 11 ft., what is the length of the 
slope? 

2. The guy ropes of a flag pole make an angle of 30° with the 
pole. If they extend 15 ft. out from the base of the pole, how 
long are they? 

The opposite side is found by multiplying the hypotenuse 
by the sine of the angle. 

Opposite side = hypotenuse X sine of angle. 

Example. In a 45° right angle triangle, find the length of 
the vertical if the hypotenuse measures 1 J". 

Solution. 1.5"X .7071 = 1 .061" length of vertical. 

PROBLEMS 

1. In a certain drill jig two holes lie on a horizontal line 4 J" 
apart, another hole is to be drilled above the left one of these, 
such that the line connecting it to the right hole makes 30^ with 
the line connecting the first two holes. The line connecting it 
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with the left hole makes 60° with the line referred to as connecting 
the first two holes. What is its distance from the left hole, also 
from the right hole? 

2. In lapng out a piece of work for drilling the sketch shown 
in Fig. 78 is given the machinist. How far apart should he locate 
the holes? 




Fig. 78. 

3. To lay out a drill jig pattern, the pattern-maker obtains 
the plan shown in Fig. 79 from the drafting room. What dimen- 
sions other than these should be given? 




Fig. 79. 



(b) Cosine (written Cos). The cosine of an angle is the 
relation of the adjacent side to the hypotenuse. It is found 
by dividing the adjacent side by the hypotenuse. 
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^ adjacent side 

Co8^-T^ — I . 

hypotenuse 

With this value given the angle may be found from the 
table of cosines, as in the case of the sine. 

In a 30® angle the cosine equals .8660; in a 45° angle 
the cosine equals .7071; in a 60° angle the cosine equals 
.5000. 

This relation is used in finding either the hypotenuse 



Fig. 80. 

or the adjacent side when either one and the angle are given. 
To find the hypotenuse of a right-angle triangle divide 
the adjacent side by the cosine of the angle. 

TT X adjacent side 

Hypotenuse = 



cosine of angle' 

Example. Find the length of a roof rafter which makes an 
angle of 45° with the horizontal and extends 12 ft. out from the 
center line of the roof. 

Solviion, 1 2 f t . = adj acent side ; 
.7071=008 45°; 
12-5- .7071 =16.97 ft. or 16 ft. llf"=length of rafter. 
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PROBLEMS 

1. What is the length of a guy rope for a flag pole if it is fastened 
12 ft. out from base and extends up the pole at angle of 60° with 
the ground? 

2. In boring out a piece on the milling machine according 
to the layout shown in Fig. 80, how far apart are the holes? 

(c) Tangent (written Tan). The tangent of an angle 
is the relation of the side opposite to the side adjacent. 
Knowing this value, the angle may be found from the table 
of tangents. The value of the tangent is found by dividing 
the opposite side by the adjacent side. 



r^ opposite side 

X an — 1 . J • 1 « 

adjacent side 



In a 30® angle the tangent equals .5774; in a 45** angle 
the tangent equals 1.000; in a 60° angle the tangent equals 
1.7320. 

This relation is used to find either the opposite side or 
the adjacent side when either side and the angle are given. 

To find the adjacent side divide the side opposite by the 
tangent of the angle. 

c,.j J. . side opposite 

Side adi acent = -r p- — i— . 

tan of angle 

Example. Calculate the depth of a " V " thread in terms of 
the pitch. 

Solution. The angle of the " V " being 60°, the line drawn 
from the bottom of the " V " perpendicular to the line connecting 
the tops of the " V " would form two right triangles, each having 
the bottom angle equal to 30°. 
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One-half the distance across the " V " being the opposite side 
is equal to i of pitch. 

Theu ^of pitch ,^ thof'V"; 

tan of angle 

Tan of angle =tan 30** = .5774. 



pitch. 



PROBLEMS 



1. Calculate the depth of the cut in a " V " thread when there 
are 6 threads per inch. 

2. In the U. S. Standard thread, the top and bottom of the 
" V " cut are flat, and the depth is only J that of a " V " thread 
of same pitch. Calculate the depth in terms of the pitch. 

3. An iron truss is built such that the sloping members make 
an angle of 25° with the horizontal and extend 12 ft. out from the 
center. How high is the truss? 

To find the opposite side multiply the side adjacent 
by the tangent of the angle. 

Opposite side = tan of angle X adjacent side. 

Example. A ladder making an angle of 60° with the ground 
leans against a vertical wall. If the base is 8 ft. out from foot 
of wall, how far up the wall does it extend? 

Solution, The distance up the wall equals the opposite side 
of the 60° angle. The adjacent side equals 8 ft. 

Tan 60° equals 1.732. 

Then 1.732X8 = 13.856 ft. = distance ladder extends up the wall. 
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PROBLEMS 

1. Three holes are to be drilled in a jig such that they form 
a right triangle having 15® and 75° angle. The side adjacent to 
the 15° line measures 2J". Locate the other holes. 

2. Determine the required dimensions on the layout of Fig. 81. 




Fig. 81. 
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Table 1 






AREAS OF CIRCLES 




Diam. 


Circumf. 


Area. 


Diam. 


Circumf. 


Area. 


i 


.7854 


.04909 


23 


72.256 


415.476 


i 


1.5708 


.1963 


24 


75.398 


452.390 


i 


2.3562 


.4417 


25 


78.540 


490.875 


1 


3.1416 


.7854 


26 


81.681 


530.93 


li 


4.7124 


1.7671 


27 


84.823 


572.56 


2 


6.2832 


3.1416 


28 


87.964 


615.75 


2i 


7.8540 


4.9087 


29 


91.106 


660.52 


3 


9.4248 


7.0686 


30 


94.247 


706.86 


3i 


10.995 


9.6211 


31 


97.389 


754.77 


4 


12.566 


12.566 


32 


100.531 


804.25 


6 


15.708 


19.635 


33 


103.607 


855.30 


6 


18.849 


28.274 


34 


106.814 


907.92 


7 


21.991 


38.484 


35 


109.956 


962.11 


8 


25.132 


50.265 


36 


113.097 


1017.9 


9 


28.274 


63.617 


37 


116.239 


1075.2 


10 


31.416 


78.540 


38 


119.381 


1134.1 


11 


34.558 


95.033 


39 


122.522 


1194.6 


12 


37.699 


113.097 


40 


125.664 


1256.6 


13 


40.840 


132.732 


41 


128.805 


1320.3 


14 


43.982 


153.938 


42 


131.947 


1385.4 


15 


47 . 124 


176.715 


43 


135.088 


1452.2 


16 


50.265 


201.062 


44 


138.230 


1520.5 


17 


53.407 


226.980 


45 


141.372 


1590.4 


18 


56.548 


254.469 


46 


144.513 


1661.9 


19 


59.690 


283 . 529 


47 


147.655 


1734.9 


20 


62.832 


314.160 


48 


150.796 


1809.6 


21 


65.973 


346.361 


49 


153.938 


1885.7 


22 


69.115 


380.133 


1 50 


157.080 


1963.5 
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Table 2 
SQUARES, SQUARE ROOTS, CUBES AND CUBE ROOTS 



No. 


Square. 


Square Root. 


Cube. 


Cubic Root. 


2 


4 


1.414 


8 


1.25 


3 


9 


1.732 


27 


1.44 


4 


16 


2.000 


64 


1.58 


5 


25 


2.236 


125' 


1.71 


6 


36 


2.449 


216 


1.81 


7 


49 


2.645 


343 


1.91 


8 


64 


2.828 


512 


2.00 


9 


81 


3.000 


729 


2.08 


10 


100 


3.162 


1,000 


2.15 


11 


121 


3.316 


1,331 


2.22 


12 


144 


3.464 


1,728 


2.28 


13 


169 


3.605 


2,197 


2.351 


14 


196 


3.741 


2,744 


2.410 


15 


225 


3.873 


3,375 


2.466 


16 


256 


4.000 


4,096 


2.519 


17 


289 


4.123 


4,913 


2.571 


18 


324 


4.242 


5,832 


2.620 


19 


361 


4.358 


6,859f 


2.668 


20 


400 


4.472 


8,000 


2.714 


21 


441 


4.582 


9,261 


2.758 


22 


484 


4.690 


10,648 


2.802 


23 


529 


4.795 


12,167 


2.843 


24 


576 


4.898 


13,824 


2.884 


25 


625 


5.000 


15,625 


2.924 


26 


676 


5.099 


17,576 


2.962 


27 


729 


5.196 


19,683 


3.000 


28 


784 


5.291 


21,952 


3.036 


29 


841 


5.385 


24,389 


3.072 


30 


900 


5.477 


27,000 


3.107 


31 


961 


5.567 


29,791 


3.141 


32 


1024 


5.656 


32,768 


3.174 


33 


1089 


5.744 


35,937 


3.207 


34 


1156 


5.830 


39,304 


3.239 


35 


1225 


5.916 


42,875 


3.271 


36 


1296 


6.000 


46,656 


3.301 


37 


1369 


6.082 


50,653 


3.332 


38 


1444 


6.164 


54,872 


3.361 


39 


1521 


6.244 


59,319 


3.391 


40 


1600 


6.324 


64,000 


3.420 
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Table 2 — Continued 



No. 


Squarer. 


Square Root. 


41 


1681 


6.403 


42 


1764 


6.480 


43 


1849 


6.557 


44 


1936 


6.633 


45 


2025 


6.708 


46 


2116 


6.782 


47 


2209 


6.855 


48 


2304 


6.928 


49 


2401 


7.000 


50 


2500 


7.071 



Cube. 



68,921 


3.448 


74,088 


3.476 


79,507 


3.503 


85,184 


3.530 


91,125 


3.556 


97,336 


3.583 


103,823 


3.608 


110,591 


3.634 


117,649 


3.659 


125,000 


3.684 



Cubic Root. 



APPENDIX 



121 



CO 



02 
W 

»— I 

►J 
Q 

Ph 

Q 
<; 

I 

P^ 

H 
P 



M^a5SBHs«as-*.sB3sa5^ «K«K«^«y^»B«y5sirS 



I I 



iihHhI bbbbk 



moo tH 1-t 1-1 tH tH 1-1 rH »-• C^ C^ C^ N CO 





CPOi"^OiOrPPO 



ooo 



C<IC^C^MC0COCOCO'^Ti<Ti<iOcOCO 





CO' 



oooo 



C<IC^C<l(MC<IC0C0CO"^'^'^»O 




HWHpaHH5iwHQOw|wHSiH|-*HHia|oPH|S *p««j»oo*|H«|-*HHHoo»H|N»-:j:HNiioti» 



OS* 






•*3 

08 



.2tf 




ooooooooooo 



(NC^<N 



00 

08 JZ 
2 lb 



OOOCOTt<COC<li-t00500l>t*COCO»OiO»OTj<TtiTti'^CO 

(Ni-li-li-Hi-li-li-li-l 



08 



r-«P» r--^ r-«r« ""^^ ^ ^ ^ ^ ^ ^ ^ g^ 5^ ^^ ^^ pQ 



SHOP MECHANICS AND MATHEMATICS 



NATURAL SINES, COSINES. TANGENTS AND 
COTANGENTS 
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Acre, 24 

Acting forces, center of, 72 

Aluminum, 14 

Aluminum, weight of, 34 

Angles in a triangle, 83 

Angle sections, 27 

Areas, methods of calculating, 26 
of circles. Appendix, 
of geometrical shapes, 26 
rules for computing, 28 
of shapes used in construction, 

27 
under shear, 82 

B 

Babbitt metal, 12 

weight of, 34 
Back gears, 45, 46, 50 
Bars, puddle, 3 

weight of plates and, 35 
Bar stock, weights of per foot, 36 
Beams, 71 
Bearings, 11, 12 
Belts, crossed, 37 

horse-power of, 62 

length of crossed, 41 

length of open, 41 

methods of connecting pulleys 
by, 42 

open, 37 



Belts, slip, 38, 39 

speeds, 38, 39 

width of, 62 
Bessemer process, 5 
Billets, 3 
Blister steel, 5 

Block, differential hoisting, 57 
Boardfoot, 29 
Board measure, illustration of, 29 

problems involving, 29 
Brass, weight of, 34 
Brick, weight of, 34 
Bronze castings, weight of, 34 

phosphorus, 11 

weight of, 34 



Caliper, vernier, 23 
Capacities, standard, 30, 31, 32 
Capacity of tanks, 32 
Carbonizing, 8 
Carbon in iron, 1 

in steel, 5 
Carbon steel, 5, 8 
Case hardening, 8 

method of, 8 
Cast iron, 1, 2, 7 

plates, weights of, 35 

properties of, 1, 2 

strength of, 2 

weight of, 34, 35 
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INDEX 



Cast steely 6 

Castings, 1, 7, 11, 14, 15 

bronze, 34 

chilled, 1 

foundry, 1 

malleable, 6 
Cedar, weight of, 34 
Cement, 16 

Center of acting forces, 72 
Center of gravity, 73 
Channel iron, 27 
Chart, tempering color, 6 
Chestnut, weight of, 34 
Chilled castings, 1 
Circle, 26 

Combination of forces, 67 
Combinations of gears to cut 

special threads, 49 
Comparison of English and metric 

standards, 19, 25, 31 
Compound gearing in lathe, 50 

gear trains, 45 

gears, range of, 52 
ratio of, 52 
Compressive strain, 75 
Compressive stress, 6, 8, 74 
Computation of areas, 26, 28 
Concrete, 16 

as a factor in building, 16 

durabiUty of, 16 

forms, 16 

ingredients in, 16 

properties of, 16 

proportions of, 16 

strength of, 16 

weight of, 34 
Cone pulleys, 40 
Cone, volume of, 33 
Construction, shapes used in, 27 
Copper, 9 



Copper, weight of, 34 
Cosine, 84 
Crane, wall, 68 
Crossed belt, 37, 41 
Cross-section of construction 

members, 27 
Crucible steel, 5 
Cubic feet in 1 gallon, 32 
Cubic measure, 30 
Curve plotting, 76 
Cutlery, steel used in, 5 
Cylindrical shapes, volume of, 33 

D 

Decimal equivalent of fractional 

parts of 1 inch, 20 
Diameters of pulleys, 39, 40 
Diameters to rim speed, relating 

of, 39 
Differential hoisting block, 57 
Double pulley, 56 
Double shear, 81 
Driven gear, 43, 45 
Driven pulley, 37, 40, 42 
Driving pulley, 37, 40, 42 
Driving side of belt, 42 

E 

Earth, weight of, 34 

Efficiency of machines, 54 

Elastic Umit, 76 

Elasticity, modulus of, 77 

Ellipse, 26 

Elongation due to strain, 75, 76 

of copper wire under tension, 76 
Equihbrium, 70, 71, 72 
of forces, 65, 69 

F 
Factor of safety, 79 
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Fatigue in materials, 80 
Finding volumes of regular fig- 
ures, 33 
Foil, tin, 10 
Follower gear, 43 
Foot-pound, 64, 61, 62 
Forces, combining two or more, 67 

parallelogram of, 66 

representation of, 64 

triangle of, 68 
Forms, concrete, 16 
Fulcrum of levers, 55 
Functions of angles, 84 
Furnace, puddling, 3 

G 

Gallon, number of cubic feet in 

one, 32 
Gallon of water, weight of, 32 
Gallons of water in one cubic foot, 

number of, 32 
Gear combinations to cut threads, 

49,51 
Gearing on lathe, compound, 50 
Gears, sizes of stud and lead 

screw, 53 
Gear trains, compound, 45 
general rule relating to, 44 
simple, 43, 44 
Graphical solution of forces, 65, 

66, 67, 68 
Gravity, center of, 73 

H 
Hard steel, 5 
Hardening and tempering of steel, 

6 
Hemlock, 17 
Hoisting winch, 59 
Horse-power, 61 



Horse-power, belts and shafting, 62 

of steam engines, 63 
Hypotenuse, 84 

I 

I-section, 27 

Inch, 19, 20, 21, 23, 30 

Iron, 1, 3 

cast, 1, 2, 7 

galvanized, 13 

gray, 1 

malleable, 7 

pig, 1 
white, 1 

wrought, 3, 4, 6, 14 



Jack screw, 60 
Joints, riveted, 32 

L 

Last gear in a train, 44, 45 
Lathe, compound, 50 

simple geared, 46 
Lead, 15 

ore, 15 

screw, 48, 49, 50 

screw gear, size of, 46, 50, 53 

screw turns for one of spindle, 
46,50 

strength, 15 

we^ht of, 34 
Length of belts over pulleys, 41 
Levers, 55 

classes of, 55 

rules governing, 55 
Limit, elastic, 76 
Linear measure, 18 
Lumber, 17 

standard lengths of, 17 

standard thickness of, 17 
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INDEX 



M 

Malleable iron, 7 
Materials, building, 16, 17 

weights of, 34 
Measure, board, 29 

cubic, 30 

linear, 18 

square, 24 
Method of connecting pulleys by 

belts, 42 
Metric standards, compared with 

English, 19, 25, 31 
Micrometer, 21, 22 
Mild steel, 5 

Modulus of elasticity, 76 
Moment, negative, 68, 71, 72 

of forces, 69, 70, 71, 72 

positive, 69, 71, 72 

N 

Negative moment, 69 
Notching timbers, effect of, 17 

O 
Oak, 17 
Open belts, 37 

length of, 41 
Open hearth process, 5 
Ore, lead, 15 

iron, 1 

tin, 10 

zinc, 13 

P 

Parallelogram, 26 

of forces, 66 
Pattern, weights of castings from, 

34 
Phosphorus bronze, 11 
Pig iron, 1, 3 



Pine, strength of, 17 

white, 17 

yellow, 17 
Plates and bars, weights of, 35 
Plot showing elongations, 76 
Plotting curve, method of, 76 
Positive moment, 69 
Power, 61 
Process, Bessemer, 5 

crucible, 5 

of making malleable iron, 3 

of making wrought iron, 3 

open hearth, 5 
Properties of cast iron, 2 

of wrought iron, 4 
Puddle bars, 3 
Puddling furnace, 3 
Pulley blocks, 56 

blocks, general rule relating to, 
56 

cone, 40 

connections by belts, 41, 42 

difiuneters, rule for, 40 

driven, 37 

driving, 37 

hoisting, arrangement of, 56 

speed, 38, 40 

Q 

Quarter-turn belt, 42 

R 
Rate of doing work, 61 
Ratio of inside and outside com- 
pound gears, 52 
Reaction of forces, 65, 72 
Reading a micrometer, 22 
Reading a vernier caliper, 23 
Rectangle, 26 
Relations of sides of a triangle, 84 
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Repeated stress, 80 
Representation of forces, 64 
Resultant of forces, 66, 67 
Revolutions of lead screw per 
one of spindle, 47, 50 
of gears in a train, 44, 45 
R.P.M., 38, 39, 40, 61 
Riveted joints, 82 

S 
Safety, factor of, 79 
Screw, pitch of, 60 
Season cracks in timber, effect 

of, 17 
Seawater, weight of, 34 
Shafting, horse-power of, 62 
Shapes used in construction, 27 
Shearing stress, 81, 82 
Simple gearing, 43, 44, 46 

as applied to lathe, 46, 47, 48, 49 
Sine, 84 
Shp, belt, 39 
Special thread, gear combination 

to cut, 49 
Speed, cutting, 38 

pulley, 37, 40 

rim, 38 
Square, 26 

measure, 24 
Steam engines, horse-power of, 63 
Steel, 1, 5, 6 

blister, 5 

carbon, 5, 8 

cast, 5 

crucible, 5 

hard, 5 

hardening and tempering of, 6 
I mild, 5 

weight of, 34, 35, 36 
Step-cone pulleys^ 39 



Stone, weight of, 34 
Strain, 75, 79 

compressive, 75 

tensile, 75 
Strength of concrete, 16 

of timber, 17 

ultimate, 78 
Stress, 74, 79 

compressive, 68, 74 

tensile, 68, 74 
Stud and lead screw gears, 53 
Stud gear, size of, 53 ' 
Supporting forces, 71, 72 



" T " section, 27 

Tangent, 84 

Tempering color chart, 6. 

of steel, 6 
Tensile strain, 75 

stress, 68, 74 
Tension, elongations under, 76 
Threads cut per inch on a com- 
pound-geared lathe, 51 
Threads cut per inch on simple- 
gear lathe, 48, 49 
Timber, 17 

properties of, 17 

strength of, 17 
Tin, 10 
Tinfoil, 10 
Tin plate, 10 
Tin stone, 10 
Tin, weight of, 34 
Tool, heat treatment of tools, 6 
Tool steel, 5 
Trapezoid, 26 
Triangle, 26 
Triangle of forces, 68 
Triangles, angles in, 83 
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TruBS, roof, 74 



U 



Ultimate strength, 78 



Velocity, belt, 38, 62 

of gears, 43, 45 
Vernier caliper, 23 

reading of, 23 
Volume of cone shape, 33 

of cylindrical shape, 33 

of frustrum, 33 

of irregular shapes, 33 

of pyramid shape, 33 

of rectangular shape, 33 

of spherical shape, 33 

of tanks, 32 

problems involving calculations 
on, 33 

W 

Water, weight of, 34 

Weakness in timber, causes of, 17 

Weight of aluminum, 34 

of babbitt, 34 

of brass, 34 

of brick, 34 

of bronze, 34 

of castings as calculated from 
patterns, 34 

of cast iron, 34 

of cedar, 34 

of chestnut, 34 

of concrete, 34 

of copper, 34 

of cubic foot water, 32 

of earth, 34 



Weight of gallon of water, 32 

of materials, 34 

of lead, 34 

of plates and bars, 35 

of seawater, 34 

of steel, 34 

of steel per linear foot, 36 

of stone, 34 

of tin, 34 

of water in tanks, 32 

of wrought iron, 34 

of yellow pine, 34 

of zinc, 34 
White iron, weight of, 1 
White oak, weight of, 34 
White pine, weight of, 34 
Winch, hoisting, 59 
Wood, 17 
Work, 54 
Work formula, 54 
Working load of cast iron, 2 

of wrought iron, 4 
Working strength, 79 

of concrete, 16 

of timber, 17 
Worm and worm wheel, 58 
Wrought iron, 3, 4, 5 

properties of, 4 

strength of, 4, 14 

weight of, 34, 35 



Yieldpoint, 76 



Z 



Zinc, 13 
ore, 13 
weight of, 34 
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MATHEMATICS FOB MACHINISTS. By R. W. Burnham, 
Instructor in Machine Work, Pratt Institute Evening School. 
vii+229 pages, 5 by 7. 175 figures. Cloth, $1.25 net. 

PBACTICAL SHOP MECHANICS AND MATHEMATICS. 

By James F. Johnson, Superintendent of the State Trade School^ 
Bridgeport, Conn, viii+130 pages, 5 by 7. 81 figures. Cloth, 
11.00 net. 



PRINCIPLES OF MECHANISM. By Walter H. James, Assistant 
Professor of Mechanical Engineering Drawing, Massachusetts 
Institute of Technology, and Malcolm C. Mackenzie, Instructor 
in Mechanical Engineering, Massachusetts Institute of Tech" 
nology. {In Press), 

ARITHMETIC FOB CABPENTEBS AND BUILDEBS, By 

R. BuRDETTE Dale, Assistant Professor in charge of Vocational 
Courses in Engineering and Correspondence Instruction, lo^a State 
College, ix+231 pages, 5 by 7. 109 figures. Cloth, $1.25 net. 



SHOP TEXTS . 

MACHINE SHOP PBACTICE. By W. J. Kaup, Special Repre- 
sentative, Crucible Steel Company of America. ixH-227 pages, 
5Ji by 8. 163 figures. Cloth, $1.25 net. 

PATTEBN MAEING. By Frederick W. Turner and Daniel 
G. Town, Mechanic Arts High School, Boston. v-|-114 pages, 
5 by 7. 88 figures. Cloth, $1.00 net. 

PLAIN AND OBNAMENTAL FOBGING. By Ernst Schwarz- 
Kol*r. Instructor at Stuyvesant High School, New York City. 
x+267 pages, 5}4 by 8. Over 400 figures. Cloth, $1.50 net. 



DRAFTING AND DESIGN 

DEGOBATIVE DESIGN. A Text-Book of Practical Methods. 

By Joseph Cumminqs Chase, Instructor in Decorative Design at 
the College of the City of New York and at Cooper Union Woman's 
Art School, vi+73 pages. 8 by 10^. 340 figures. Cloth, 
$1.50 net. 

AGBICULTUBAL DBAFTING.^" By Charles B. Howe, M.E. 
viii+63 pages, 8 by 10 Ji. 45 figures, 26 plates. Cloth, $1.25 net. 

ABGHITECTUBAL DBAFTINO. By A. B. Greenberg, Stuy- 
vesant Technical High School, New York, and Charles B. Howe, 
Bush wick Evening High School, Brooklyn. viii-fllO pages, 
8 by lOJi. 63 figures, 12 plates. Cloth, $1.50 net. 

MECHANICAL DBAFIING. By Charles B. Howe, M.E., 
Bushwick Evening High School, Brooklyn, x+147 pages, 8 by 
10 Ji. 165 figures, 38 plates. Cloth, $1.75 net. 



ENGINEEBIKO DBAFTINO. By Charles B. Howe, M.E. 
Bush wick Evening High School, Brooklyn, and Samuel J. Berabd, 
Sheffield Scientific School, Yale University. (In preparation,) 

DRAWING FOB BUILDEBS. By R. Burdette Dale, Director 
of Vocational Ck>urse, Iowa State College, y+166 pages, 8 by 
10^. 69 figures, 50 plates. Cloth, $1.50 net. 



AGRICULTURE AND HORTICULTURE 

FIELD AND LABORATORY STUDIES OF SOILS. By Pro- 
fessor A. G. McGall, Ohio State University, viii+77 pages, 
5 by 7. 32 figures. Cloth, 60 cents net 

FIELD AND LABORATORY STUDIES OF CROPS. By Pro- 
fessor A. G. McCall, Ohio State University, viii+133 pages, 

5 by 7. 54 figures. Cloth, S5 cents net, 

S0ID3. By Professor A. G. McCall, Ohio State University, (/n 
preparolian.) 

MARKET GARDENING. By Professor F. L. Yeaw, Oasis Farm 

6 Orchard Company, Roswell, New Mexico. Formerly Professor 
of Market Gardening, Massachusetts Agricultural College. vi+ 
120 pages, 5 by 7. 36 figures. Cloth, 75 cents net, 

THE CHEMISTRY OF FARM PRACTICE. By T. E. Keitt, 
Chemist of South Carolina Experiment Station, and Professor of 
of Soils, Clemson Agricultural College, xii+253 pages, 5}i ^y 8* 
81 figures. Cloth, SI. 25 net. 

STUDIES OF^TREES. By J. J. Levison, Formerly Forester, Park 
Department, Brooklyn, N. Y. x+253 pages, 6Ji by 8. 166 
half-tone illustrations. Cloth, $1.60 net, 

AGRICULTURAL DRAFTING. By Charles B. Howe, M.E. 
46 pages, 8 by 10^. 45 figures, 22 plates. Cloth, $1.25 net. 

SCHOOL ENTOMOLOGY. For Secondary Schools and Agrri- 
cultural Short Courses. By E. Dwight Sanderson, Formerly 
Dean, College of Agrfculture, West Virginia University, and L. M. 
Peairs, Professor of Entomology, West Virginia University, vii-4- 
356 pages, 6 by 9. 233 figures. Cloth, $1.50 net. 



BIOLOGY 

LABORATORY MANUAL IN GENERAL MICROBIOLOGY. 

Prepared by the Laboratory of Bacteriology, Hygiene and Path- 
ology. Michigan Agricultural College. xvi-h418 pages, 5i by 8. 
73 figures. Several tables and charts. Cloth, $2.50 net. 

COSTUME DESIGNING 

COSTUME DESIGN AND ILLUSTRATION. By Ethel H. 
Traphagen, Instructor and Lecturer at Cooper Union, The New 
York Evening School of Industrial Art^ etc. (In Press.) 

PRINTING 

PRINTING. A Textbook for Printers' Apprentices, Continuation 
Classes and for General Use in Schools. By Frank S. Henrt, 
Instructor in Printing, Philadelphia Trades School, ix +318 pages. 
163 figures. 5H by 7^. Cloth, $1. 25 net. 



THE LOOSE LEAF LABORATORY MANUAL 



A series of carefully selected exercises to accompany the texts 
of the Series, covering every subject in which laboratory or field 
work may be given. Each exercise is complete in itself, and is 
printed separately. 8 by 10}. 



important Notiem 
WILEY LOOSELEAF MANUALS 

The sale of separate sheets of the Laboratory Manuals of the Wiley 
Technical Series has been discontinued. These Manuals wUl, here" 
after, he sold only as a complete hook with removal leaves. Descriptive 
literaiure wUl he sent on request. 

CHEMISTRY 

Exercises in General Chemistry. By Chablbs M. Allen, 
Head of Department of Chemistry, Pratt Institute. An 
introductory course in Applied Chemistry, covering a year's 
laboratory work on the acid-forming and metallic elements and 
compounds. 62 pages, 8 by lOJ^. 61 exercises. 
Complete in paper cover. Removal leaves. $1.00 neU 

Quantitative Chemical Analysis. By Chables M. Allen, Head 
of Department of Chemistry, Pratt Institute. 12 pamphlets. 
8 by 103^. Complete in paper cover. Removal leaves. tlM net. 

Qualitative Chemical Analysis. By C. E. Bivins, Instructor in 
Qualitative Analysis, Pratt Institute. 11 pamphlets, supple- 
mented by Work Sheets by which the student is taught equa- 
tions and chemical processes. Complete with work sheets in 
paper cover. Removal leaves. $1.25 net. 

Technical Chemical Analysis. By R. H. H. Atjngst, Instructor 
in Technical Chemistry, Pratt Institute. 19 pamphlets. 8 by 
103^. Complete. Removal leaves. 85 cents net. 

Exercises in Industrial Chemistry. By Dr. Allen Rooebs, 
Instructor in Qualitative Analysis, Pratt Institute. (In prep* 
araiion.) 



THE LOOSE LEAF LABORATORY MASUAL-t-CotU. 



MECHANICS AND HEAT 

Exercises in Mechanics. By J. M. Jameson, Qirard College; 
Formerly of Pratt Institute. 62 exercises. Complete in paper 
cover. Removal leaves. 85 cents net. 

* 

Exercises for the Applied Mechanics Laboratory. Steam; 
Strength of Materials; Gas Engines; and Hydraulics. By 
J. P. KoTTCAMP, M.E., Instructor in Steam and Strength of 
Materials, Pratt Institute. 8 by lOJ^. 58 exercises, with 
numerous cuts and tables. Complete in paper cover. Removal 
leaves. $1.00 net 



ELECTRICITY 

Exercises in Heat and light. By J. A. Randall, Instructor in 
Mechanics and Heat, Pratt Institute. 17 exercises, with nu- 
merous cuts and diagrams. 8 by lOJ^. Complete in paper 
cover. Removal leaves. 34 cents net. 

Electrical Measurements, A. C. and D. C. By W. H. Timbie. 
Head of Department of AppUed Science, Wentworth Institute 
52 Exercises. Complete in paper cover, 85 cents net. 

Elementary Electrical Testing. By Professor V. Karapetoff, 

Cornell University, Ithaca, N. Y. 25 exercises. Complete 
in paper cover. Removal leaves. 50 cents net. 

Electrical Measurements in Testing. {Direct and AUemating 
Current.) By Chester L. Dawes, Instructor in Electrical En- 
gineering, Harvard University. In charge of Industrial Elec- 
tricity, Franklin Union, Boston. 39 Exercises. Complete in 
paper cover. Removal leaves. 75 cents net. 



THE LOOSE LEAF LABORATORY MANUAL-Con«. 



AGRICULTURE AND HORTICULTURE 

Studies of Trees: Their Diseases and Oare. By J. J. Levison, 
M.F., Lecturer on Ornamental and Shade Trees, Yale University 
Forest School, Forester to the Department of Parks, Brooklyn, 
N. Y. 20 pamphlets, 8 by 10^. $1.00 net. A doth binder for 
above sold separately. 50 cents net. 

Exercises in Farm Dairjring:. By Professor C. Larsen, De- 
partment of Dairy Husbandry, South Dakota State College. 
Loose leaf. 8 by 10|. 69 Exercises. Complete. Removal 
leaves. $1.00 net. 

Exercises in Asrricultoral Chemistry . By Prof essor T. E. Keitt, 
Clemson Agricultural College. (In preparation,) 

DRAWING 

AQBIOULTURAL DRAFTING PBOBLEHS. By Charles B. 
Howe, M.E. A Manual for Students of Agriculture to Sup- 
plement the Text in Agricultural Drafting 26 plates. 8 by 
103^. In paper cover. Removal leaves. 50 cents net, 

THE OBDEBS OF ABCHITEOTUBE. By A. Benton Gbeenbebg. 
A Manual for Students of Architecture to Supplement the 
Text in Architectural Drafting. 20 plates. 8 by 10^* In paper 
cover. Removal leaves. 50 cents net. 
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